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I. INTRODUCTION 

Lymphogranuloma venereum is a virus disease usually transmitted by venereal 
contact, and manifested by both generalized constitutional symptoms and local- 
ized acute and chronic tissue changes. Although the inguinal variety of the 
disease had been observed and clearly described over a century ago, medical 
attention was not directed toward this syndrome as a specific entity until 1913 
when Durand, Nicolas and Favre (67) published their monograph. Interest 
was further accelerated by the introduction of the cutaneous test by Frei (91) 
in 1925. Since then the discovery of the etiologic agent and finding of successful 
therapeutic agents have almost wholly clarified the clinical aspects. , 
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U. HISTOHICAIi BACKGROUN'D 
A. Earliest Deseriplion 

Hunter in 1786 (170) postulated that there are two distinct types of buboes 
associated with the genital lesions whidr he ascribed to syphilis. He confused 
the non-suppurating bubo commonly found during early sj^lnlitic infection rvith 
one probably caused by the agent of lymphogranuloma venereum. He observed 
that “the second are generallj' preceded and attended with slight fover, or com- 
mon symptoms of a cold and that the buboes are generally indolent and slow in 
their progress. When they do suppurate, it is slowly and often m more glands 
than one. The matter comes slowly to the skin, and the color is different from 
that of the other (syphilitic bubo), being more purple.” 

The first comprehensive descriptions of the infection in the inguinal regions 
may be found in “Treatise on Venereal Disease and its Varieties” by William 
Wallace, published in 1833 (357). His obsen'ations leave little to be added by 
subsequent investigators. “The skin becomes red and is found to be adherent 
to the surface of the tumor over which it could be previously moved, even after 
the tumor had become adherent to the subjacent and surrounding tissues. 
Tljo bubo then for the most pait increases with rapidity, the pain becomes of a 
throbbing kind; some degree of fever sets in, marked by an acceleration of pulse 
and increase of heat, loss of appetite, imperfect sleep, with a general feeling of 
indisposition.” In describing the “indolent primary syphilitic bubo,” Wallace 
traces the chronologic progress of the iagvJnal nodes /roj» first srrclJJag until “the 
matter slowly approache,s to the skin bj' one cjctensivc surface or at successive 
times by a number of slower surfaces. In both cases, the vitality of a large por- 
tion of integument is often destroyed from whence there results . . . numerous 
fistulous openings.” 

baraen (192) was the first to describe rectal lesions, both proctitis and stricture, 
which he presumed were due to syphilis. Ho referred to this syndronie as “hyper- 
plastic infiltration of the rectum.” 

The earliast description of elephantiasis of the oxtenial genitalia in women is 
recorded by Dcsruellcs (65) in 1844, according to Stannus. The le.sions wore ac- 
companied by inguinal adenopathy, and in one patient there was cwdencc of 
previous suppuration. The name “eslhiomcne” was assigned to this lesion by 
Iluguier (169) because it is derived from the Greek, “eating or eroding." 

Fournier (86) also treated ca.scs of csthiomfcno in 1873, although it was his 
impre.5.sion that the “sclcrcmic-like hardness of the labia mnjora, which are a 
sombre rose color, and the vivid red of the labia minora” are due to .syphilis. 
Ho incorrectly applied the name of “syplulomc anorectal” to the anorectal les- 
ions. 

The first descriptions of merit from this countrj- were by IGot* (182) who 
described 120 ciiscs of inguinal adenitis. ' 

11. Terminology 

Confusion is caused by tbo fact that tills infection is called by a variety of 
names. Tiie Standard Nomenclature of Diseases u.'cs the term l.\Tnphogranu- 
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loma, >venereal. We prefer the expression Lymphogranuloma venereum which 
appears most frequently in the literature and is used throughout this paper. 
Godding (108) in 1896 referred to the enlarged nodes as “climatic buboes." 
Edotz (182) used the expression “Strumosen Bubouene.” Durand, Nicolas and 
Favre (67) believed the lesions related to Hodgkin’s disease because of the micro- 
scopic picture, hence referred to them as “l 3 unphogranulomatose inguinale 
subaigue." Staimus (339) in England termed the inguinale lesions “lympho- 
granuloma inguinale, ’’ and Sulzberger (346) called the lesions “lymphopathia 
venereum." Phillips (270) used the expression “tropical bubo." Kolmer (185) 
found, in addition to the above, the following terminology used in the literature: 
venereal lymphogranuloma, l 3 mphogranuloma inguinale venereum, granulo- 
matosis lymphatosis, non-tuberculosis granuloma, pudendal ulcer. 

This disease should be differentiated from granuloma inguinale, a disease of 
the skin in the inguinal region, associated with the presence of Donovan bodies. 

C. Developmental Concepts 

Although adequate descriptions of the inguinal buboes, elephantiasis of the 
genitalia, anorectal lesions and systemic reactions appeared in the world litera- 
ture, it was not until after clinical application of the cutaneous test of Frei that 
these entities were realized to be initiated by the same agent. 

In 1925 Frei (91) obtained some pus from a patient ivith bilateral inguinal 
adenitis, and after preliminaiy preparation injected it intra-cutaneously into 
patients with enlarged nodes. These patients included some with tuberculosis, 
sjqjhilis. suppurative anerobic organisms, leukemia, ’and Hodgkin’s disease. 
Only those with the lesions similar to the donor of the pus developed a papule 
at the site of the inoculation. All the others were negative. 

In 1928 Frei and Noppel (99) observed that patients with anorectal involve- 
ment and estluom^ne, hitherto believed to have syphilis, had positive skin .re- 
actions with the buo-pus antigen. Direct proof that these lesions are incited 
by the same etiologic agent came with recovery of the virus from the genitalia 
b 3 ’’ Koch (184) and from the anorectal tissue by Ravaut, Levaditi, Lambling 
and Cachera (292). 

Goodman (109) suspected that some cases of colitis as well as proctitis were 
caused by tliis agent, and Paulson (261) has extended this work to include a small 
group of patients Avith idiopathic ulcerative colitis. 

Since 1930, when Hellestrom and Wasson (156) reported a method for isolating 
the causative agent, previously unexplained inflammatory reactions have been 
re-studied. It is now^ evident that Ijunphogranuloma venereum is not only a 
, disease of the genital area, but is a protean disease with numerous manifesta- 
tions. 

Frei (96) recently described the dcAmlopmental phases in four steps: 

1. Proof by Durand, Nicolas and Favre that strumous bubo is a separate 

venereal disease, (67). 

2. Discovery of a specific skin test b 3 '’ Frei. This permitted the identifica- 

tion of climatic bubo, rectal stricture and esthiombne as the same disease, 

(93), (99). 
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3. Transmission of the disease to animals by Hellestrom and Wassto by intra- 

cerebral inoculation of monheys, (156). 

4. Experimental study of the disease as a virus infection. 

in. EPIDEinOLOOY 
A. Geographic Distribution 

Numerous reports testify to the worldwide distribution of lymphogranuloma 
venereum. It is especially prevalent in tropical'and subtropical coimtries, but 
cases have been obscn^ed throughout Europe and North and South America. 

In 1933 Hellstrom and Wass4n (158) sent out questionnaires throughout the 
world and collected 1800 cases from 350 clinics. Since then the infection has 
been reported from new areas. This suggests, not so much an apparent increase 
in the disease, as a grouang awareness that it e.vists. This premise is supported 
by additional data acquired by Favre and Hellstrom (74) in 1939 when a second 
survey brought data from 115 clinics solicited. There were 10,000 oases re- 
ported from every countiy in Europe, and parts of North and South America, 
Java, India and the Far East. It was the impression of the authors that this 
represents not an increase in frequency but that “one has seldom learned to 
recognize it, until recently.” 

There have been detailed reports from England (76), Ireland (277), France 
(257), Germany (98), Italy (8), Spain (12), (13), Czechoslovakia (174), Sweden 
(158), Norway (363), Indo-China (354), Dutch East Indies (21), China and Ja- 
pan (127), (358), Belgian Congo (33), Tanganyika (124), Algiers (193), Morocco 
(251), Australia (274), Chile (43), Argentina (369), Brazil (52), Venezuela (14), 
Uruguay (143), Mexico (314), Porto' Rico (159), India (280), and Rumania 
(172). 

The disea-se has been seen frequently throughout the United States. In 1939, 
D’Aunoy and von Haam (59) reported the existence of the infection in twenty- 
seven states. It is especially common along the eastern seaboard and 'in the 
South, and uncommon in the New England States (168). 

li. Age 

The incidence of any venereal disease is greatest during the period of 6e.\-ual 
activity. The rectal lesions are seen in an older age group because these lesions 
usually require several years to attract clinical attention. Reports of infection 
of children have appeared in the pediatric literature. 

C. Sex 

It is likely that the incidence of any venereal disease is approximately equal in 
membera of both sexes. The superficial inguinal node involvement is relatively 
uncommon in women during the acute stage of infections. It is for this rc.ason 
that men arc usually .seen at an earlier ago than women. On the other band 
csthiomtne and rectal involvement, wliicli are essentially late lesions, are fre- 
quently the first evidence of infection in women. 
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D. Race / 

Since the disease is spread primarily by sexual contact, it is found most com- 
monly among persons whose economic and sociologic status encourages sexual 
promiscuit 3 ^ Estimates of the incidence of lymphogranuloma venereum are 
usually based on the routine Frei or complement-fixation testing of different 
population groups, usually draAvn from out-patient departments of large hos- 
pitals and often from venereal disease clinics. In such highly selected samples it 
appears that in urban areas of the temperate zone, from 20 to 40 per cent of 
Negroes and from 2 to 5 per cent of white patients are, or have at one time been, 
infected. In St. Louis (129) 40 per cent of colored and 3.5 per cent of the white 
patients were found to have positive skin reactions. Using the same test in 
New Orleans, D’Aunoy and von Haam (59) obtained positive results in 17.4 per 
cent of colored patients who applied for general medical care. In New York 
Cit 3 ’-, Shaffer and others (327) found that in one venereal disease clinic group, all 
of sixteen colored patients and twent 3 ’’-seven of thirty-seven white patients 
tested had positive reactions mth the complement-fixation test. 

In most persons reacting positively to these tests, there is no history of such 
infection and no physical evidence of the disease. Assuming that the diagnostic 
tests in question are valid, infection with the virus of l 3 Tnphogranuloma venereum 
is even more prevalent than syphilitic infection, but in the majority of instances 
the former remains latent without producing any evidence of tissue damage. 

E. Infectiousness 

Sufficient evidence exists to warrant the conclusion that the agent of l 3 mipho- 
granuloma venereum is readily transmitted to the human host. 

1. Spread by sexual contact: In one study it was possible to trace the infection 

in a group of men directb”- to four prostitutes with whom the men had been con- ' 
soiling. The men were found to have earb!- lesions, although the women had no 
apparent manifestations. Numerous examples of infection of the head and neck 
following perverted sexual exposures are described in the section on “Clinical 
Manifestations.” The prevalence of positive sldn reactions among population 
groups known to be sexually promiscuous wnuld appear to justify the opinion 
that the disease is spread Avith ease. ' 

2. Spread by close association: Of the several examples of this disease cited in 
the pediatric literature, in none is there evidence of sexual exposure. In Sonck’s 
cases, it is believed that common use of an enema tip w'as responsible, and, in the 
cases described by Lujan and Rotter (218), close contact among sisteis seemed to 
be the cause. In some instances it was believed that occup 3 dng the same bed 
was adequate cause for infection. 

3. Spread by direct inoculation: The ffi’st example of this kind (182) occurred 
when a physican who was excising inguinal buboes inadvertently cut himself 
wnth a contaminated scalpel. He developed l 3 rmphangitis and axillary l 3 rmpha- 
denopathy. Other similar cases have occurred. 

4. Spread among laboratory workers: Three cases of infection among techmcians 
are reported b 3 ’' Harrop and his associates (147), and another case of eye infec- 



lymphograntjloma venereum 


tion by Oliphant and Ms group (259). It is apparent that the handling of the 
virulent mateiial is not nithout dangei . 

IV. CLINICAL MANIFESTATIONS OF LYJIPHOGRANULOMA VENEREUM 

It is convenient to divide the clinical manifestations of thise disease into two 
groups: those proved to be due to Ijnnphogranuloma venereum by recovery of 
the causative agent fiom the lesion; and those suspected of being due to this 
disease. These are tabulated in Table 1. 

Proved Lesions 

A . Primary Gcmial Lesions. Theic are several types; the most common is 
the herpetiforai variety. The ulcer or “chancie” is seen less ficqucntly and is 
usually not inoie than five or siv millimcteis in size, although larger lesions are 

TABLE 1 


Clinical inanifcstalwns aUributcil to the vinii of lijmplioijrnnitlomn. venereum 


IFSIOSS FROM TtlUCH THE MRIS HAS UrtV 
RECO\FBFD 

LFStOSS FROM V.jnCH THE VIRUS HAS NOT RFFN RrCOVFRFD 

1 Primary genital Icsioiife 

Supporlinp evidence is good 

2 Inguinal buboes 

1 Ulcerative colitis 

3 Kslbionifenc 

2 Salpingitis and paramciriliB 

4 Urethritis 

3 Dermatologic manifcslations 

5 Cervicitis 

4 Joint ami bone infections 

6 Anorectal Syndrome 

5 Cervical and aNilIary ndemtis 

7 Conjunctivitis 

G Tongue and bp “cbuncrcs*' 

8 Meningitis 

Supporting evidence circumstantial 


7 Pharyngitis and tonsilitis 


8 Untcntis 


9 Ocular lesions other limn conjunctivitis 


occasionally seen in nomen (Fig 1). In the male the primaiy lesion usually 
aiipeais on the coronal sulcus, is iiamles^, tiansient, ev.anescent, and heals spon- 
taneously m a few day.s n-ithout seal foimation. In the female the .site is usually 
the posterioi aspect of the vub'a. 

Melczer (230) isolated the vinis fiom a baimaid with an acute ulcerative lesion 
of the evternal labia by injecting emulsified biojisicd material intraceiebially into 
labbits who .subsequently developed meningo-encephalitis. 

Often only a mimile lesion is ^een and fiequently none is demonstiable. In 
clinical iiracticethe late manifestatioiib of the disease often appear in patients who 
give no histoiy of a iirei’ioiis genital lesion. In one sorie-s- (he primary lesion was 
seen only foiii time.s in 130 c.irly cases (1 15). 

Stamms (339) describes two additional type-s of lesions seen uncommonly. 
1 he first is a jiapule 3-1 mm. in diaincter, fii-sl mentioneil by I’hylactos (271). 
Ihe other is a firm nodule 5-10 mm m diameter lying within the tissue of the 
penis, on it.s surface a small fistulous opening is found exuding pus. 

Occasionally the lc.sion is locatixl intnmrethnilly and hccauso of the purulent 
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discharge, may be confused mth acute gonon’hea. On palpating the shaft of 
the penis a firm mass may be felt; and if repeated smears fail to reveal the pres- 
ence of Neisserian organisms, and if sj'-philis can be ruled out, lymphogranuloma 
should be suspected. 

B. Inguinal Buboes. The most frequent manifestation in males is swelling of 
the inguinal nodes. In 1927 Frei (92) used the intracutaneous test to differenti- 
ate lymph node enlargements due to b'^mphogranuloma virus from other causes, 
but it was not until the isolation of the agent by Hellerstrom and Wassen (156) 
that final proof was secured. This was confirmed two .years later when Levaditi, 
Ravaut and Schoen (203) reported transmission of the disease from infected 
buboes to mice bj'' intracerebral inoculation. Little ma}'- be added to the classic 
descriptions of Wallace (357) quoted in the Historical Introduction. 


i ' 



Fig. 1. Primvry Lrsion of Lymphogranuloma on Left Labium Majus 

The most medial nodes are first involved, and infection spreads along the entire 
inguinal chain. Occasionallj^ the iirocess recedes spontaneously, but usually 
terminates in suppuration unless treatment intervenes (Fig. 2). 

C. Constituhoiml Reactions. 1. Initial Stage: A generalized S 3 ’'stemic reac- 
tion is often concur! ent vith invasion of the inguinal nodes. S 5 Tnptoms are 
grippe-like in character, mth malaise, headache, fever, arthralgia, mj’-algia, 
anorexia, nausea, vomiting, cliills and sweats. Epistaxis is reported (107). 
Backache is not uncommon in women, and D’Aunoj’’ and Schenken (60) suggest 
that this is associated vdth iliac and periaoitic bunpli node invasion. In rare 
instances, geneialized Ijunphadenopath^’- is seen (70). In one group (320) of 
careful^’’ followed patients, 38 of 42 exhibited some fever. In three instances it 
reached 39.5°C., and preceded the adenitis. Eighteen of the group had an in- 
crease in temperature to 38°C. or to 38.5°C. The character of the fever curve 
is unmfluenced b}^ softening of the bmiph nodes oi bj’’ the appearance of fistulae. 
A prolonged p. 3 Texia maj" occur (107) and a i elapsing temperature chart is seen 
uncommonl.y (35). 

2. Late Stages: After the initial phase of the disease, most patients enter a 
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period of latency during nliich tlie oniy evidence of infection is of a laboratory 
nature. The patient i ctains cutaneous sensitivity to the antigen, and usually lus 
serum contains the propel ty of fixing complement in the piesonce of the virus. 

In those patients who go on to develop late clinical manifestations of the 
disease, such as elephantiasis of the external genitalia, oi the anorectal sjmdrome, 
the constitutional sjTuptoms are vaiiablo. The com sc is similar to that found 
in any debilitating illness nith neakness, « eight loss, fatigue, anemia, mental 
depression and iintabihty This pictiuc is especially conspicuous in proctitis 
with stiicture and ulceiation. 

D, Elc'phaiiiiasis of the Ertcniat Genitalio In 1928, Trei and IIoppcl (99) 
reported that the enlaiged, edcm.atous and violaceous labia pieviously believed 
by rouiuiei (87) to be a lesion of syphilis weie actually a late manifestation of 
Ijunphograniiloma venereum These workers obscrs'cd that five patients xvith 



I'm 2 UMiemmin liU/ATi RM Runoi s or loMniooiuxuLOMMs a Colohkd Womav 

the aiioieclal sj-ndiomo and e^thiomene, with an antecedent histoiy of snelJiiig 
ill the inguinal area, gave a positiic leaction with the Fiei '.kin niifigon. Koch 
(181) subsequently i~olated the ngciit from infected labial tis.suc 
IJopcnding on the degiee of hyperpla-Mn oi necrosis, the genitalia may .assume a 
vaiicty of apiiearanccs Thoie m.ay lie elcphantia,sis with vegetations and poly- 
poid giowths (Fig. 3). Fistulae occur fiequently, often followed by ulcerations. 
The lesions may he extremely painful, pai ticiilnrly after tissue de-stnictioii begins, 
and nonnal functioning of the pints is impossible. The edema may extend from 
clitoris to anus, and as the infection progres-es, tissue breakdown may follow. 
Stanmis ( 339 ) refer- to one instance m which the .anus, iierineiim, and rccto- 
xagiiial septum wcic destro.icd with the foniiation of a cloaca 'I'lie urethra 
was likewise destroxeil. allowing complete extioceision of the bladdci. Coutta 
( 10 ) has recently called attention to elephantiasis of the praeputium of the 
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clitoris associated with esthiomfene. Of 66 prostitutes presenting elephantiasis 
vulvae, only five had hypertrophy of the clitoris. At first this organ was simply 
enlarged, but in the absence of treatment the edematous tissue became indurated 
and finally ulcerated and macerated. The diagnosis was made bj’’ the general 
clinical picture and stud}'' of biopsied material. 

Elephantiasis of the male external genitalia is uncommon. We recently ob- 
seiwed a colored man, age 54, whose penis had become progressively more in- 
durated and disfigured so that uiination Avas both difficult and painful. The 
Frei test Avas stronglj'- posithm, and although it AA'as l3eIieA''ed that extensiAm 
fibrosis had taken place, the lesion responded to prolonged sulfathiazole therapy. 
Netherton and Curtis (255) described a similar case, in Avhich the scrotum Avas 
involA’^ed. Policaro (272) suggested a causal relationship to plastic induration 
of the penis, Pej’a’onie’s disease, but in three patients that he obseived, the Frei 
test AA’-as negatiAm. Midana (237) reported the formation of multiple draining 



Fig 3. Elephantiasis or External Genitalia (Estiiiomene) 

sinuses along the doisum of the penis folIoAAing inguinal adenitis. Material 
from these fistulae piOA’^ed to be effectiAm antigenic material in knoAAm Frei re- 
actors. 

Elephantiasis of the male external genitalia may folloAV extirpation of the 
inguinal buboes (368), after AA'hich eAmn gangrene of the scrotum may occur. 
Enlargement of the external genitalia of both sexes due to lymphogranuloma 
A’^enereum cannot be distinguished clinically fiom that due to other causes. 

Bitbomihis- Recently, Brandt (23) called attention to the formation of cir- 
cumscribed bubo-like eminences on the penis in a patient AA’ho had a histoiy sug- 
gestiA'^e of this disease and a positiA’'e cutaneous reaction. The term “bubonulus” 
is used to indicate infiltrations about the Ijmph channels but not including the 
lymph nodes. The Cuiths (55) liaAm obseiwed the transition of the small penile 
lesion of Ijaniihogranuloma venereum into a pigeon-egg sized bubonulus at the 
same site. 

E. Urethral and Cervical Infection. Caminopetros (30) took scrapings from 
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the virethrae and cervices of four prostitutes who were strongly Frei positive, but 
•who showed no -visible lesions. These women wore implicated in transmitting 
the disease to several men. The emulsified material was inoculated intracere- 
brally into mice. The brains showed typical lesions, and were antigenic. 

Gray (128) describes 25 eases of chronic non-hacterial urethrife with and with- 
out ulceration. Some of these women proceeded to stricture formation in spite 
of various attempts to therapy. All but two of these patients were positive Frei 
reactors. 

F. Anorectal Syndrome. This group of lesions includes proctitis 'with and with- 
out stricture, and also includes lymphorrhoids. 

1. Proctitis: The first symptom of this serious manifestation of infection is 
rectal bleeding with some purulent discharge. Direct proctoscopic observation 
reveals inflamed and hyperemic mucosa, with localized denuded areas, in parts 
of which the mucosa has been replaced by granulation tissue. This is the clinical 
picture most frequently seen. If treatment is begun at this time, complete 
recovery may be anticipated. In the absence of therapy, scar tissue forms, and 
after variable period of montli-s or years, results in a complete fibrous ring. 

2. Pedal Stridare: In our clinic this lesion is confined almost exclusively to 
Negro women. This is the experience of others (59), but the lesion is occasionally 
encountered in males (113). 

The patient often complains of low grade constipation. Symptoms of tenes- 
mus and pain arc not conspicuous imtil the stricture is formed. On palpation 
an aimular band is felt above the orifice narrowing the rectal lumen. Occasion- 
ally, obstruction is complete, necessitating colostomy. This is usually associ- 
ated with edema resulting from e-vtensive infection of the bowel wall. Recto- 
vaginal fistula may occur spontaneously or following attempt at surgical repair. 
Of the 90 women seen by D’Aunoy and von Haam (59), 14 per cent had this 
complication. 

3. Lymphorroids: Following the formation of rectal stricture the lymphatic 
drainage of the lower rectum may bo impaired. The result is similar to faulty 
venous return from this region when hemorrhoids form. In this instance anal 
tags appear which grossly arc similar to hemorrhoids. Microscopically, these 
consist of dilated Ijunphatics, often thrombosed, with lymphocytes, eosinophils, 
monocytes and poIjTnorphonuclcar leukocytes diffusely scattered about the ves- 
sels. Lichtenstein (215) refers to these structures as “lymphorroids.” These 
tumors are indistinguishable from malignant neoplasms grossly and histopatho- 
logic study is necessary to rule out more harmful growths (333), (35G) Wo have 
oh.scrvcd two patients, both colored; one male, the other female, with those 
anal masses. Both had been subjected to two “hemorrhoidectomies.” On 
examination the tissue from both tlicse patients were similar to those described 
by Lichtenstein. 

G. Ocidar Involvanml. Levaditi and hia co-workcrs in 1935 (20S) inoculated 
the conjunctival sac of a chimpanzee with the vims of Runphogranuloma ve- 
nereum and produced a purulent infection. The following year (200) they do- 
.scribed a 37 j-car old man who had suffered for the previous six months with 
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follicular conjunctivitis and enlarged maxillary and post-auricular nodes. The 
patient had a positive Frei test, and material obtained from draining node caused 
meningo-encephalitis on injection in a monkey. An emulsion of the monkey’s 
brain was inoculated into mice, which in turn developed the characteristic picture. 
A similar case was reported by BoUack, Basch and Desvignes (20). The virus 
was recovered from the enlarged preauricular lymph nodes. 

Additional cases are reported by Ichijo (171) and by Hashimoto and his group 
(148), in which sterile antigen made from the ocular secretions gave positive 
cutaneous reactions in known lymphogranulomatous patients. 

Carefully studied cases with recoveiy of the virus are reported in this country. 
Curth, Curth and Sanders (57) observed a patient with oculoglandular syndrome 
whose right eye had been inflamed for five years. A portion of the conjunctiva 
was excised and inoculated intracerebrallj’- in a monkey with subsequent recovery 
of the agent. Acute e 3 ’-e infection in a laboratory worker is described by Oli- 
phant, PoweU and Perrin (259). The patient developed a positive Frei reaction 
and complement fixation test, and subsequently the viras was isolated by intra- 
cerebral inoculation in mice brain. 

H. Meningitis. The viinis was first isolated from the spinal fluid in 1936 
by von Haam and D’Aunoy (141). They refer to ten patients who complained 
of severe frontal heacaches, associated with signs of meningeal involvement. All 
had positive Frei tests, and lymph nodes on biopsy showed a histopathologic pic- 
ture consistent with the diagnosis of lymphogranuloma. Pus aspirated from 
inguinal buboes caused a characteristic infection on intracerebral inoculation in 
mice in 9 of the 10 cases, and in two instances, spinal fluid was similarly infectious. 
In these two patients, there is clear evidence that the central neiwous system 
had been involved. 

Rajam (281) reported a patient "vvith signs of meningeal irritation whose spinal 
fluid contained 135 cells with 90 per cent polymorphonuclear leukocytes, ele- 
vated gold cun’^e, and steiile fluid which was antigenic when inoculated into a 
known Frei reactor. The patient developed high fever, convulsions, imconscious- 
ness, and died. No autopsy was performed. 

In 1942, Sabin and Aring (309) completelj’^ studied a patient who developed 
meningitis following a genital sore and bilateral inguinal adenopath 3 ^ The 
spinal fluid contained 4000 cells with 25 per cent polymorphonuclear leukocytes 
and 75 per cent lymphoc 3 ’tes. Protein varied from 250 mgm. to 1400 mgm. 
per cent. Sugar dropped from normal values to 17 mgm. per cent. The cerebro- 
spinal fluid globulin was elevated as showm by a mastic curve of 5555432000. 
The mns was isolated from the spinal fluid, genital lesion, and buboes. Serum 
complement-fixation test was positive in dilution of 1/120, and there was cross 
agglutination -with the agent of meningopneumonitis in dilution to 1/32. 

Unproved Lesions 

There are numerous pathologic lesions (Table 1) ascribed to the vims of lym- 
phogranuloma venereum. The evidence on which this is based includes: 
clinical data, a positive Frei response, and, in some instances, inverted Frei test 
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(see page 38). However, since the virus has not actually been isolated from 
these lesions and transmitted to experimental animals, these cases are considered 
as unverified. 

1. Ulcerative Colitis. Goodman (109) observed the co-existence of proctitis 
and ulcerative colitis in patients without rectal stricture who gave a positive Frei 
response. Because of this finding he emphasized the necessity for considering 
lymphogranuloma veneremn in the differential diagnosis of chronic non-specific 
ulcerative colitis. 

Because this sjuidromo is of unknown etiology and variable clinical and 
pathologic picture, Paulson (2G1) suggested that the virus of lymphogranuloma 
venereum may be the causative agent in some cases. He found that material 
prepared from the bowel contents of Frei-positive patients with colitis produced 
a positive skin test comparable to those induced by viral antigens (263) . Control 
antigens of other viruses, and exudates of normal and diseased bowels and in- 
testinal flora failed to elicit a similar response (267). Although this worker has 
not actually isolated the causative agent, this study strongly suggests tho pres- 
ence of the \drus in the intestinal exudate (264), (265). 

Palmer and his colleagues (260) have studied chronic inflammatory disease 
involving both colon and lower bowel in 76 patients. Lymphogranuloma was 
suspected in 10. From biopsy specimens of rectal mucosa, these workers iso- 
lated tho virus in five instances by intracerebral inoculation into mice. How- 
ever, they were unable to recover the organism from colonic ulcers or strictures 
from these same patients. , 

In 1941, Paulson (260) outlined a diagnostic routine for studying patients with 
ulcerative colitis in whom no apparent etiology can be found. Ho suggests that: 

1. A Frei test be done and if positive, 

2. Bowd antigens be collected and prepared as described by the author 
(262) and used for intracutaneous testing in the patient. This material is 
injected simultaneously with Frei antigen as a control. If positive, this 
“inverted Frei” test is highly suggestive. 

3. Microscopic examination of rectal or colonic tissue should bo performed. 

4. Neutralizing test with tho patient’s senun should be carried out (naco 
39). 

5. Animal inoculations of bowel antigen into mice or monkeys be performed 
and these brains be used ns antigens for inoculation into known Frei-reacting 
patients. 

J . Upper Intestiml Tract Infections. Coutts (44), (43) has written axtensively 
about this problem. He contends that oral infection is not uncommon following 
cunnilingus. Recently, he has described micro-chancres of tho lips and tongue 
with concurrent phar^-ngitis and glossitis (50). Tonsillar infection with subse- 
sequent cervical adenitis has been ascribed to invasion by the virus (294). 

Involvement of tho right tonsillar fossa, pillars, soft palate, pharynx and 
larynx has been recorded in a 31 year old Negress by Myerson (252). The proc- 
ess consisted of a diffuse, irregularly distributed superficial ulcerated granuloma- 
tous lesion, covered by purulent exudate. An ctiologic diagnosis was made be- 
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cause of a positive skin reaction, increased serum globulin, microscopic pathologic 
studies, and finally therapeutic response to intravenous Frei antigen. 

Descending infection of the intestinal tract may occur and cases of linitis 
plastica, transient duodenal ulcers, and regional enteritis are' described (50). 
The diagnosis in these cases was based on the roentgenographic and histopatho- 
logic picture, or on the finding of micro-corpuscles in the cells. The etiologic 
agent was apparently not recovered. Many attempts to isolate the causative 
agent from lesions of terminal ileitis have failed. The Frei intracutaneous test 
has been xmiformly negative in patients with this syndrome according to Koster, 
Kasman and Scheinfeld (190), and Stafford (338). These studies have recently 
been extended by Rodaniche, Kirsner and Palmer (303), who observed four pa- 
tients with regional enteritis and found that the .skin was unresponsive to the 
antigen of lymphogranuloma venereum. These workers were unable to detect 
neutralizing antibodies in the sera of these patients, nor could they recover the 
virus from either the resected intestinal segments or from adjacent mesenteric 
lymph nodes. 

K. Chronic Salpingitis and Parametritis. In 1938, D’Aunoy and Schenken 
(60) reported that lumbar pain is a frequent complaint in patients who also ex- 
perience low abdominal distress suggesting salpingitis. In one instance, pelvic 
examination revealed a mass in the right lower quadrant. When this was ex- 
cised and studied microscopically it was found to be studded with stellate ab- 
scesses surroimded by epithelioid and plasma cells. 

' A woman with symptoms of acute pehuc inflammation was explored hy Franchi 
■ (88) who found a plastic process involving the adnexae. Purulent material 
removed from the site induced a positive response in known Frei reactors. 

L. Skin and Suhcaianeous Tissue. During the invasion period of lympho- 
granuloma venereum .there are often dermatologic reactions of variable degree. 
Koppel (186) obsersmd several cases of erythema nodosum and concurrent epi- 
scleritis. A similar case has recently been seen in this country (15). Heller- 
strom found some deimal manifestation in 10 per cent of his patients, obsenmg 
that it usually appeal’s during the second month foUoiving the appearance of the 
buboes. Stannus (339) has noted that this skin response is more common follow- 
ing interference v/ith the inguinal nodes, such as irradiation. Although erythema 
multiforme and er^rihema exudativum are less common, thej’’ have been described 
(98), (180). A scarlatiniform exanthem and also urticarial lesions have been 
described by Lobe and Blummers (216) and bj'^ Hoffman (163), in patients who 
have clinical evidence of this disease. 

Melczer (231) has described bullous lesions on the abdomen. Material ob- 
tained from these lesions was infectious for guinea pigs. 

Ulcerative skin lesions have been recorded by Chevallier and Bernard (37). 
These localized areas of cutaneous necrosis have been further classified by Wien 
and Perlstein (365), depending on whether the lesions are: (a) isolated dermal 
reactions, (b) secondary to lymph node fistulae formation, and (c) tissue de- 
struction superimposed on esthiomhne. 

Gutman (136) believes that a diffuse erj-thema is the most common skin mani- 
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festation. This is due to local tissue hypersensitivity, the specific agent being of 
secondary importance. He, too, has noted erythema nodosum re.sidting in the 
courec of severe reactions to Frei testing. 

Sonck (334) has observed photoscnsitivits’- in 140 cases of 400 studied. This is 
manifest one to two months after the onset of bubo formation and occurred in 
CO per cent of the chronic and about 20 per cent of subacute cases. Piinctiform 
red papules appear on the skin one-half to three houi-s after exposure to sunlight. 
The author interprets this as an allergic phenomenon, and reports that accom- 
panying this manifestation there was conjunctivitis in 19 per cent of the patients, 
joint involvement in 33 per cent, erj'thcmn nodosum in 10 per cent. 

Sonck (337) further noted that this curious dermatologic characteristic occcur- 
red more commonly in women; in 42 per cent of one group studied. He believes 
it is associated with change in the serum proteins or lipoids. 

Costello and De Oreo (42) reported an unusual example of skin and Ij’mphatic 
involvement. A Negro seaman e.\perienced swelling in the buttock one 3 'ear 
after inguinal bubo inflammation. Multiple sinuses foimcd from the mass in 
the buttock, and purulent discharge was cojiious. The patient had a positive 
Frei test and microscopic study of the diseased tissue was compatible with a 
diagnosis of lymphogranuloma venereum. 

Midana (230) noted multiple swellings and fistulac appearing over a period of 
3 ’ears in the buttocks of a patient. Lipiodol injections outlined intorconmumica- 
tions of the fistulae and one was seen to pass through the sacrum and sacro- 
coccygeal joint. It was presumed that the process arose from an area of ])eri- 
rcctitis, and had extended b.y continguitv along paths of least resi-stance. 

4/. Joint Involvement, Koppol (180) in 1927 described arthritis in three 
patients one of whom had iroh-arthritis together with erythema nodosum. 
Gutman (130) and Kornblith (188) have noted the lucsence of joint pains. Wo 
have observed this manifestation during the Hint weeks of the disease and have 
been impre-ssed by the rapidity with which it responds to therapj'. Coutts 
(44) has laihlishcd instances of acut(f arthritis simulating acute gonococcus in- 
vasion. In three ca.ses there was elTusion present and in one, the fluid was anti- 
genie. Huge has seen urticaria a.ssocintcd with arthralgia (308). Dawson s.ays 
that he ha.s seen arthritis in 10 patients (0.3). 

Osteomyelitis of the mandible ha.s been described by Slaughter (331). This 
occurred in a colored woman who entered the hospital in semi-coma with cervical 
adenitis and s|)inal fluid evidence of meningo-encci)halitis. Pus removed from 
the hone induced a positive skin test in jratients who were known Frei reactoi-s. 
A ease of comirlete destruction of the hip joint has been seen hr- Ilerzherg (100) 
in a soldier who developed arthritic pain one and a half .veam after inguinal in- 
volvement. Pus removed from the operative site induced a positive skin reac- 
tion. Another ca.se of hi]) joint involvement two month.s after the ai)])eiirance 
of huhops is de.seribed in a man of 35 (1G2). X-ray studies roveulerl deealciftca- 
tion of the joint, and following therapy there was restoration of the bony stme- 
turc to nonnal. 

A cas(! of severe infection with complete necrosis of the hip with spread to 
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adjacent tissue, severe toxemia and death has been observed by Reichle and 
Conner (296). This patient was examined at necropsy and evidence of diffuse 
lymphocytic infiltration of many organs was found. 

iV. Lesioiis of the Head, Neck and Axilla. Fournier (87) believed that ele- 
phantiasis of the lips is often due to syphilis and he referred to this syndrome as 
“diffuse hypertropic syphiloma.” More recently, Netherton and Ciu-tis (255) 
have descrilDed elephantiasis of the lips and of the genitalia occurring simul- 
taneousb^ in male patients vdth positive Frei tests, presumably both due to the 
viiTis of Ijunphogranuloma venereum. Ulcers of the tongue with enlarged sub- 
mental, submaxillaiy and supraclavicular nodes are reported. The patient 
treated by Da^dd and Loring (61) experienced necrosis of the lymph nodes, and 
pus obtained gave a positive inverted Frei response. Curth (54) describes a 
patient who ten daj's previous practiced cunnilingus vdth a prostitute and de- 



Fig. 4. Axillary Adenitis 

The aspirated pus induced a Feri reaction in a known ijTOphogranuloinatous patient 

veloped a herpetifonn tongue lesion. This ulcerated and a bubo fonned in the 
cervical region. Pus from the node was antigenic. Cunnilingus is said to be 
frequent!}' responsible for mouth lesions (41), (28). Infection in the parotid 
region with fistulous tract fonnation is reported (41). Bloom (19) noted an 
ulcer with induration of the anterior one third of the tongue, and acute consti- 
tutional reaction. Destruction of the cervical nodes followed and when the dis- 
charge from these was injected into patients with lymphogranuloma a positive 
cutaneous test resulted. Biop.sy of the buboes was consistent Mth the diag- 
nosis. 

The first instance of axillary infection is described b}’’ Klotz (182). He de- 
veloped axillaiy adenitis following an initial finger lesion acquired by inoculating 
himself at the operating table while removing “hard inguinal buboes.” The 
skin broke down with the appearance of multiple draining sinuses. A similar 
case of axillaiy involvement is shown in Fig. 4. Extragenital lesions of this 
sort are rejiorted (147) in laboratory workers in close contact vith the virus. 
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0. Urologic Lesions. Rodriguez Diaz (304) has described Ijonphangitis of the 
penis noth extension to the Ijunphatics of the abdomen following intraurethral 
ulcers. The first case of recto-vesical fistula is described in a man who previouslj' 
suffered from prostatitis. At operation peri-rectal inflammation was fmmd with 
a tract running from the sigmoid to the bladder, entering the latter behind the 
trigone. A colostomy was done, and the fistula disappeared. 

Rodriguez Diaz (304) has observed ulcerative lesions near the meatus in men 
rvith clinical evidence of l 3 Tnphogranuloma but without recovery of the \irus. 
When these heal they produce plaques with diminution in the calibre of the 
urethra resulting in dysuria. Vegetations formed with subsequent acute urinarj’ 
retention. Endoscopic studies in these cases revealed edema of the vesical neck 
with extension to the bladder. Tlio author describes increased vascularity with 
multiple polyposis simulating malignant neoplasms. In these cases the bladder 
may undero localized necrosis requiring plastic repair. Usually .such surgical 
procedures are unsatlsfactorj’ because of the friability of the tissues. 

Coutts (47) has likewise seen edema of the meatus with engorgement of dorsal 
l 3 Tnphatics of the penis. In these cases tliere may be urethral involvement as 
described below, with subsequent stricture. According to Coutts, the virus in- 
vades the submucosa and peri-urethral tissues and may eventually produce 
deformities of the vesical neck. 

May (228) has obson’cd similar lesions and also believes the virus of lympho- 
granuloma venereum is responsible for nodular peri-urethritis, vemmontanitLs, 
find cpididjTnitis. This same author suggests that some cases of chronic 
balanitis with plastic indmation of the penis may he caused by this agent. 

In males, acute methritis may follow witliin 4 to 17 days after sexual exposure. 
Tills syndrome is called “Waelsch urethritis.” The discliargo is less purulent 
than in gonococcal urethritis. Bizzozero and Midana (18) used this material as 
an antigen and obtained a positive test in known Frci reactors. 

In the female, bladder lesions were described in 80 per cent of the cases of 
cervicitis. Endoscopic studies sliowcd inci cased vascularization, congc.stion of 
the mucosa, and in some cases edema of the trigone reaching to the ureteral 
orifices. Rodriguez Diaz (304) observed destructive bladder lesions with 
csthiomlnc. In these cases the posterior portion of the bladder is involved. 

Recently, Marshall and Endicott (224) repoi ted a group of nine patients, seven 
women and two men, with “cj'stilis” of indeterminate origin. The cystoseopic 
picture varied in these patients, but all had positive Frci reactions or positive 
complement fi,xation tests, or both. 

Perforalioas from urethra or bladder to vagina occur spontaneously and also 
following surgical intervention. This .syn<lrome should always suggest lympho- 
granuloma venereum. 


Adtitlional Afanifeslalions 

P. Hyperpyrexia. Kovnblith (188) has described cases of prolongerl unex- 
plained fever ultimately diagnosed as Ijunphogranuloma venereum. In the two 
patients dbeussed, there was a septic course with the temperature reaching 
101 h. prior to bubo formation. Frei tests were positive. We have recently 
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seen similar cases. There may be hepatosplenomegaly associated with the 
S3mdrome (187), and also generalized l3rmphadenopathy. 

' Q. Pulmonary Infection. Experimental and pathologic studies suggest that 
hitherto unexplained syndromes may be initiated by^ the virus of lympho- 
granuloma A>'enereum. The isolation of the virus from the lungs of patients with 
pnemnonitis, or the “primarj’- atypical pneumonias” has not been reported. The 
agent has been isolated from buboes of a patient with atypical pneumonitis by 
Martin and Wood (225), but final proof that the pulmonary symptoms are refer- 
able to this agent is not complete. Recoveiy in hiunan cases of the closely re- 
lated virus of psittacosis is described by Enders (72) and also by Meyers (233); 
and the isolation of a psittacosis-like virus from two fatal cases of atypical pneu- 
monia by Eaton and his associates (68) makes it likely that, in some instances of 
pneumonitis, the agent of Ijunphogranuloma may be responsible (83). 

The susceptibility of animal lung tissue has already been demonstrated (142), 
(326), and, although the portal of entry in a group of laboratory'- workers showing 
clinical evidence of infection is not known, it is likely that in two cases invasion 
occurred ^da the respiratory tract (147). 

R. Ocular Lesions, Other than Conjunctivitis. In addition to the proved cases 
bf the oculoglandular syndrome induced by the virus of lymphogranuloma 
venereum, several ocular lesions have been described which are attributed to viral 
invasion. Suspected but not proved cases of uveitis, conjimctivitis, and kerato- 
conjuctivitis are described (16), (165). More recently, Macnie (220) has re- 
corded several instances in which this etiology was suspected because of a posi- 
tive Frei reaction. The author studied the effects of inoculation of the agent 
in the eyes of guinea pigs. Microscopic studies revealed the presence of poly- 
morphonuclear leukocytes and moncytes in the conjimctiva, iris, and ciliary 
bodies. Santani and Sano (313) induced iritis, keratitis and conjunctivitis in 
rabbits by introducing virulent material, and subsequently recovered the virus. 

Eitagawa (179) described fundal changes including peripapHlaiy edema and 
tortuosity of the vessels in a series of 30 cases. Coutts (44) confirmed these 
findings. 

S. Malignant Degeneration. Chronic irritation frequently precedes txunor 
formation. Reports of epidermoid carcinoma in patients with esthiomfene are 
of particular interest in this connection. Because of the gross similarity in the 
appearance of these two ulcerative processes, the onset of the neoplastic degenera- 
tion may' well be overlooked. Greenblatt (130) has called attention to the fre- 
quency' with which genital malignancy may be confused -with venereal diseases. 
He cites examples of tumor proliferation as a sequelae to venereal infection, and 
also malignancies mistaken for venereal disease. Deibert and Greenblatt (64) 
describe carcinoma arising in a patient of 24 years 'vs'ith elephantiasis of the vulva. 
The authors suggest that the lymphogranuloma may have supplied the stimulus 
for anaplasia. Study of 300 cases of rectal stricture by David and Loring (62) 
has revealed the formation of epidermoid carcinoma in four of them. Liccione 
(214) reported adenocarcinoma superimposed on rectal strictyre in tyo ISTegresses. 
Greenblatt (130) after noting the development of cancer in a lymphogranulo- 
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matoRS lesion, suggests that chronic irritation is conduoivo to neoplastic change. 
Guzman (138) treated 12,646 patients rvith cancer at the Institute of Radium of 
Santiago. Of this number but nine had lymphogranuloma, and in eight of these 
cases the lesions were located in the rectum, genitalia or mouth; and histopatho- 
logic evidence suggested the simultaneous existence of both diseases in the same 
area. 

Whether the chronic inflammation is responsible for the tumor proliferation, 
or whether the co-existence of the two processes in the cases described above, is 
coincidental, is a question. However, the role of biopsy cannot be over empha- 
sized, and is indicated whenever genital or anorectal lesions fail to respond to 
therapy. This axiom has proved its worth according to Fund, Grcenblatt and 
Huie (279), (130), and Fund and Grcenblatt (278). 

T. Influence on Reproduclion. It is the impression of Wilson and Hesseltine 
(367) that lymphogranuloma does not induce sterility unless the disease involves 
the tubo-ovarian apparatus. In the cases studied they failed to notice any 
modiheation on the course of pregnancy, labor, or the appearance of the fetus in 
patients with latent infection. 

In an experimental stud}', Hellendall (151) found that when pregnant mice are 
inoculated intraccrebrally noth the organisms of lymphogranuloma venereum, 
the rirus may be recovered from the brains of the fetuses. 

Grace (111) e.xamined tlio semen of eleven men uith asymptomatic lympho- 
granuloma venereum. The presence of the virus was sought by preparing the 
material as a Frei antigen and injecting 0.1 cc. intradcrmally into lympho- 
granulomatous patients. In no case was a positive reaction obtained and it was 
concluded that the virus is not present in detectable quantities. 

U. Association with Other Diseases. Assuming that the Frei reaction is 
diagnostic of this infection in the absence of apparent lesion, double or multiple 
infections are not uncommon. About 40 per cent of the Negro patients in the 
SyTihilis clinic of this Hospital give a positive response to the skin test. Robin- 
son (298) and Bacon (2) and Shaffer and his associates (328) also report concur- 
rent infections. Three patients in whom darkficld studies revealed Treponema 
pallidum in the genital lesions, and who subsequently developed inguinal adeno- 
pathy and positive Frei responses, arc described by Sezaiy and Lenegro (321). 

Coutts (46) has observed that the urethra of the male may bo concurrently in- 
fected by the agents of gonorrhea and lymphogranuloma venereum. Under 
such circumstances, the incubation period for the latter is shortened and the 
infectious process accelerated. The edema of the meatus, the lymphagnitis of 
the coronal sulcus and dorsum of the penis usually' appear a few days after the 
onsert of urethral discharge. 

Gat6 and as.<!Ociates (102) have observed an instance where chancroid and lym- 
phogranuloma venereum were acquired simultancasly. Tlie genital lesions wore 
cliaractcristio of chancroid, bnt the patient developed a positive Frei test in 
addition to a positive Ducrey skin test. Subsequently the patient’s wife de- 
veloped enlarged buboes and skin sensitu-ity showing evidence of both venereal 
infections. 
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Engleson (73) described the appearance of genital lesions and buboes of lympho- 
granuloma in a patient udth a positive Ducrey sldn reaction. The nodes broke 
down and purulent material obtained gave a typical Frei reaction. 

Ramel (288) isolated tubercle bacilli from a patient vith genital lesion and 
lymphadenopathy characteristic of lymphogranuloma. The patient was later 
Frei test positive. 

V. Childhood Infections. Infection in young children is not common, but 
when it occurs it is usually acquired through non-venereal contact. Lugan and 
Rotter (218) report finding glandular masses in the groins of three sisters, ages 
6, 7, 15. These children had associated with their female cousin, who was be- 
lieved to have acquired the disease from an infected sexual partner. Although 
the children’s mother gave no history of similar illness, she and two cousins all 
showed positive Frei reactions. A case of inguinal adenopathj'' in a ver 3 '' young 
girl is described by Chevallier (38). The child gave a positive intrademial re- 
sponse to the antigen of lymphogranuloma. From this same clinic, a case of 
infection in a young boy is reported (34). Sonck (335) described rectal involve- 
ment in three sisters, all of whom were believed to be infected by their mother. 
This same author (336) recentl}'' recorded the sixth case seen in Finland in a girl 
of six with hemorrhagic proctitis and stricture. A girl of nine uith enlarged 
inguinal buboes and positive Frei test came to the attention of Levy (212). 
She had previously had a negative skin reaction, but developed skin sensitivity 
under obseiwation. Cases of proctitis due to lymphogranuloma in children have 
been described bj’’ Elitzak and Komblith (71) and Bacon and Meharg (5). 

These incidents of Ijunphogranuloma appear sufficiently frequently to justify 
investigating this disease as a possible entit 3 ’' in children vith proctitis, inguinal 
adenopath 3 ’’ or such other syndromes as “idiopathic encephalitis.” 

W. Immunity. A single attack by the agent of lymphogranuloma venereum 
probably confers an effective and lasting immunit 3 ^ This is in conformity mth 
our knowledge of most virus infections as smallpox, chicken-pox, measles, mumps, 
cattle plague, svdne fever, and dog distemper. In all these, one illness affords 
protection that, in the great majorit 3 '' of cases, extends throughout the life of 
the host (353). 

The antibodies in sera are confined to the globulin component. During the 
course of the acute infection of lymphogranuloma, there is a conspicuous rise 
in the globulin fraction of the serum and Gutman and his associates (137) have 
determined that this elevation depends on increased euglobulin and pseudo- 
globulin. Immunity in general is linked with these proteiu fractions. 

The complement-fixation test remains positive for 8-14 weeks in new-boms 
whose mothers have latent infections according to Le^dne, BuUowa and Schein- 
blum (210). 

X. Lymphogranuloma as a Cause of Death. Rajam (281) observed a 27 year 
old patient vith suppurating buboes and fever, terminating rapidly in convulsions, 
coma and death. The spinal fluid showed evidence of meningeal irritation and 
e.xcited an allergic response in the skin of knovm Frei reactors. The virus was 
not isolated and an autopsy was not done, but it Tvas the impression of the author 
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that the patient had died from an overwhelming infection by the virus. Reiohle 
and Connor (29G) studied a patient n-ith infection of the hip joint, who subse- 
quently developed peritonitis and died. At autopsy, the renal cortex showed 
numerou.s small, circumscribed areas of necrosis with focal collections of both 
Ijunphocytcs and plasma cells. A similar type of kidney involvement is men- 
tioned by Gutman (136), who also noted focal aggregates of round cells in the 
liver and spleen. At the Charity Hospital in New Orleans there were 11 deaths 
in two years in patients with rectal strictures (59). Two of these died of peri- 
tonitis caused bj' rupture of the stricture during dilation, and four others follow- 
ing colostomy. The remaining five patients died of debilitation and prostration 
attributed to the disease. 

A remarkable case is cited by Pollard and HellendaU (273) of a thirty-two year 
old Negress who went into labor two weeks prior to term. Fetal respirations 
ceased, and four hours after parturition,- the patient went into shock. At 
autopsy, granulomatous strictures of the sigmoid colon and rectum were found. 
Rupture of the latter was responsible for shock and death of the patient. 

Since the introduction of chemo-therapeutic measures which largely eliminate 
radical surgical procedures, Ijinphogranuloma venereum as a cause of death will 
be seen with increasing rarity. 


V. ETIOLOGY 

A. Isolation of Camative Agent 

Hcllerstrbm and AVass^n (160) in 1930 announced the isolation of a virus from 
pus ascp.tically remor'cd from an inguinal bubo. Monkeys inoculated intra- 
ccrebrally developed the clinical and pathologic pictures of meningo-encophalitis! 
Cultures from the brains of these animals were bactcriologically sterile, and an 
extract of the meninges produced a positive skin test in a patient known to have 
lymphogranuloma venereum. The following year, Levaditi and his co-workers 
(199) repeated this experiment and maintained the virus for 12 pas.=ages intra- 
ccrcbrally in monkeys. This work has been amply confirmed and the causative 
agent has been obtained from the tissues of the priraarj- genital lesions, pus of 
the inguinal buboes, the tissues of esthiomhuc, acute and clironically inflamed 
rectal mucosa, spinal fluid of patients rrith clinical crddcncc of meningitis, 
purulent discharge of patients uith conjunctivitis, and from the cendx and' 
urethra. 

Prior to this work, various etiologic agents were suspected, including the 
organisms which cause syphilis, tuberculosis; and numerous cocci, bacilli, and 
protozoa. Retrospective analysis suggests that the confusion was caused by 
laboratory contamination or by mi.xed infections. 

71. Morphology 

Gamna (101) in 1924 described bell-like and horseshoe shaped stnioturcs in 
the cytoplasm of monocj-tes in cases of lymphogranuloma venereum. Tlicse 
ho bdioved, reprosenfed rcgrcKuon of the nuclear material. Miyagawa and his 
as.-ociatcs (210) reported the presence of irregular bodies in smear preparations 
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from both animal and human material which they believed were different from 
the bodies previously described by Gamna. These granulo-corpuscles may be 
detected by the Giemsa or Hosokawa stains. They are (241) found in mono- 
cytes, and less often in poljrmorphonuclear leukocytes and glial cells. They are 
often spherical, measuring between 0.2 ju and 0.3 m in diameter. The arrange- 
ment is not uniform; they may be in pair or chain formation. The authors 
suggest that these bodies multiply and cause rupture of the cells. The cells with 
these elementary bodies contain large vacuoles within the cytoplasm, and the 
nucleus undergoes degeneration. This work was verified by Santani and Sano 
(313). Recently, Pindlay and his associates (81) (82) have further elaborated 
this possible developmental cycle. Small elementary bodies measuring 100-200 
millimicra were found in the cells of infected mice brain, and the authors report 
“these almost certainly represent the etiological agent of the disease” (306). 
These forms take a reddish-violet color with Giemsa and a blue color with Cas- 
taneda’s stain. They have three distributions: (a) within the cell cytoplasm 
delimiting membrane, (b) diffusely scattered outside the cells in colony masses, 
(c) closely adherent to luptured cells. 

In addition, a larger type granule is seen after the period of inpture. These 
are three to four times the size of the elementaiy bodies. It is postulated that 
the smaller particles swell to become the larger ones. These may be further 
differentiated bj'’ staining characteristics. The larger particles divide until a 
compact mass forms from which smaller particles break off, and enter fresh cells. 

A similar cjmle is described in the yolk sac of the chicken embryo by Rake and 
Jones (283). The}' found that for the first ten to twelve hours, no bodies are 
discernible except those of the original inoculum. After this “silent period” the 
first particles seen are tvice as large as the originally introduced elementaiy 
bodies. These continue to grow, up to 4 ^ and occupy small vesicles in which 
they are imbedded. Vacuolated plaques, about 7 m hi diameter form, containing 
the elementary bodies. When these plaques disintegrate, the small elementary 
bodies are liberated, thus completing the first phase of the cycle. 

There is again a “silent period” while the only particles present are the re- 
cently freed elementary bodies. Then after a period of ten to twelve hours these 
viral agents either re-enter fresh cells and repeat the process of the first phase of 
the cycle, or new vesicles form in which the elementary bodies multiply until 
they occupy the whole cell. Just prior to the death of the embrj’-o, almost all 
cells are invaded. 

Both groups of workei-s stressed the resemblance of this virus and the etiologic 
agent of psittacosis in morpholog>% developmental forms and staining character- 
istics. 

C. Size 

The virus can easily pass through such filters as Chamberland L2, L3, Berke- 
feld V and N and Seitz E.K. (242). The ^drus passes through collodion mem- 
branes nith pores larger than 0.33 jn but it is retained by a membrane with pores 
smaller than 0.24 ix. Miyagawa and hisassociates (242) found that the portion of 
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stock filtrate retained by the membrane rrith pore siae of 0.24 a* or less is highly 
infections, while the filtrates passing through the membrane had no power to 
produce typical lesions in mice. 

D. 'Physical-Chemical Properties 

1. Resistance to Heat: The virus remains virulent for 48 hours at 20°C., but 
only for 24 hours at SO'C. At 46°C. it is no longer infectious after 20 minutes 
(244). 

2. Resistance to Cold: Infected monkey brain retains its ability to produce 
symptoms for 22 days at — 5°C. AtO°G. it is virulent for 32 days (361). If 
infected mouse brain is frozen first and then dried in vacuum over sulfuric arid, 
virulence is retained for three months (78). The virus is now maintained for 
years without loss of virulence at — 72°C. after dehydration (85). 

3. Resistance to Desiccation: Levaditi (196) found the power of infection dim- 
inishes when virulent monkey brain is dried in vacuum over sulfuric acid at 20°C., 
so that after eight or ten day's, it no longer causes mcningo-encephalitis in noice. 
However, if it is first frozen end then dried in vacuum over sulfuric acid, virulence 
is retained for three montiis (78). 

4. Resistance to Antiseptics: Formalin 1-1000 arrests the virus activity while 
hydrogen diovide and Lugol’s solution do not. D’Aunoy and von Haam (69) 
found that acriflavinc 1-100,000 inactivates the virus but only in the presence of 
light. 

6. Maintenance in Glycerine: Hellstrom and Wass6n (157) found in 1930, in 
their original study on the isolation of the agent, that it may bo retained in 
glycerine without loss of virulence for on]ysevondaysat6°C. This is in contrast 
«ith the agents of smallpox, vaccinia, herpes, poliomyelitis and rabies which 
display considerable resistance in glycerine for months. 

0. Polarity of the ITn<s; When the virus is put into an electrophoresis appa- 
ratus and current is allowed to act on the bath, it is found that the fluid at the 
positive pole contains the infectious material. Intracerebral inoculation of this 
material induces the typical meningeal changes. The organisms of herpes and 
encephalitis likewise concentrate at tlie positive pole (195), 196). 

E. Studies in Experimental Animals 

1. Histologic Reaction: The mouse was first used in e.xperimental studies in 
1932, and is tlie mast convenient laboratory animal for this work. According 
to Findlay (77), the essential liistopathologic changes consist of proliferation of 
endothelial cclM lining the lymph clumnels. In the brain, this cellular reaction 
occurs in the Virchow-Robbins space and extends along the vessels as they 
penetrate the subaraclmoid space. In addition to tliis perivascular cuffing, 
clu-stcrs of cells arc found in the parenchyma subjacent to tho pia-arachnoid. 
Tlieso cells include polymorphonuclear leukocytes, largo and small Jymphocy'tes 
and plasma cells. 

2. RceepHve Animals; Hellstrom and Wnssfin (157) testify that Maeacus 
rhesus is less receptive than Maeacus cynomolgus or Maeacus inuis. Von Haam 
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(139) has succeeded in maintaioing one strain of vims for three yeaiB by bi- 
^ weeldy transfers through mouse brain, and Grace (115) has carried one sti’ain for 
sk years by weekly transfers. Findlay (77) found that after intracerebral 
inoculations into rabbits and field moles, the vims is harbored without pi’oducing 
pathologic changes. Dogs are receptive to the virus. Levaditi and his group 
(207) found that the cat responds to brain inoculation. Miyagawa and his as- 
sociates (246) report that the albino rat and domestic fowl fail to show changes 
after brain injections. Reports on the guinea pig vary (122). Findlay (77) 
could not infect the rat, but Wasson (360) was successful. According fo 
D’Aunoy and von Haam, femets are receptive, but sheep, squirrels, calves and 
frogs, less so (59). 

3. Routes of Inoculation: (a) Intracerebral: Numerous reports testify that this 
is the method of choice in most animals. 

(b) Cutaneous: Hellstrom and Wass6n (361) observed that following inocula- 
tion into the prepuce of the Macacus rhesus, the animal develops bilateral in- 
guinal adenitis with typical pathologic changes. The same authors scarified 
the skin of a monkey and mbbed vimlent tissues on this area. The adjacent 
l 3 Tnph nodes became infected. Intracutaneous injections into guinea pigs, fowl, 
and squirrels result in the appearance of papules from which the vims may be 
recovered. 

(c) Intraperitoneal: When the vuus is injected by the intraperitoneal route into 
monkeys, the omentum and mesenteric nodes become infected. The mouse does 
not develop meningo-encephalitis following intraperitoneal inoculation, unless 
the brain is traumatized first (77). 

(d) Comeal Implantation: Levaditi and his collaborators (208) induced kera- 
titis in the chimpanzee by inoculating bubo pus from an infected patient into 
the cornea. This same technique has been used in the rabbit and guinea pig 
by Santani and Sano (313). 

4. Organs From Which the Virus has been Recovered: Follo^ving intracerebral 
inoculation into mice the vuus has been recovered from the brain, kidney, 
lymph nodes and blood, but not from fiver or spleen. Following intraperitoneal 
inoculation, the organism is obtained from all the above organs and in addition 
from the fiver and the spleen (205). Follo\ving intracerebral inoculation into 
monkeys (199) the vims may be isolated from the brain, liver, spleen, kidney, 
bone-marrow, and l 3 nnph nodes. 

F. Cultivation of the Virus 

- 1, Chicken Embryo Studies: In 1935, M^agawa and his associates (243) re- 

ported that the ^drus could be grown on the chorioallantoic membrane of a ten- 
day chick embryo. A plaque formed from which the granulocorpuscles could be 
demonstrated. Reinoculation into mice caused typical meningo-encephalitis. 
Later Rake and his associates (283) observed that the yolk sac is a more favorable 
site. Howard and Hull (167) also found the yolk sac more satisfactoiy and noted 
that the lesion formed could not be distinguished macroscopically from that of 
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other wrus infections, but microscopically the lesion bore resemblance to the 
atcWate abscesses of human tissue. 

2. Tissue Culture Studies: Miyagawa in 1930 (245) successfully tr^ferred 
the organi.sm to tissue fragments made up of spleen, testicle, and brain of the 
normal mouse. The virus was carried through two generations without loss of 
vinilcncc. Nauck in 1937 (253) and Malamos (222) cultivated the agent in 
media from the rabbit cornea. Gey and Bang (100) studied cj-topathologic 
changes in human fibroblasts maintained by the roller tube method. Thwe 
authors described the development of typical granulocorpuscles. ' These in- 
fected cells produced mem'ngo-enccphalifis on rcinoculation into mice. Growth 
w-as deterred when sulfanilamide was added. Sanders (311) found embryonic 
guinea pig brain and scrum the most efficient vehicle for propagation of the rirus. 

G. Toxic Factor Associated with the Agent 

In 1943, Rake and Jones (285) postulated the presence of a toxic factor pro- 
duced by the virus of Ijunphogranuloma venereum. However, in so far ns they 
were unable to dissociate the “to.xin” from the viral particles, the ejdstence of a 
“toxic factor” cannot as yet be accepted. 

//. Virulence Studies 

Grace and Suskind (1 19) noted increase in virulence with repeated passages 
through 35 generations of mice brain. However, there is a loss of virulence by 
repeated transfers intradcrmally into guinea pigs (122). When the agent is 
again introduced into mice after those passages through guinea pigs, there is no 
apparent loss of infcctmty for the mouse. Levaditi and associates (197) ob- 
tained a strain of virus from a human lymph node and after 12 transfem intra- 
cerebrally in monkeys, found that rcinoculation into the prepuce of man induced 
bubo formation in 35 daj-s with the characteristic clim'cal picture of lympho- 
granuloma venereum. Tliese same authors found that a virus which had dem- 
onstrated its \inilence for monkey would fail to kill mice but on reinoculation of 
these emulsified mouse brains into monkoj's, encephalitis was produced. 

Sanders (311) noted that with repeated transfers in tissue culture, virulence 
was inorea.sed by keeping the cultures at 23°C. rather than 37°C. Rodanicho 
(301) showed that although there was on initial difference in virulence in five 
strains isolated from patients, after several passages in mouse brain all straias 
had essentially equal killing power. 

I. Immunologic Studies 

1. Viral Antibodies: Levaditi and his collaborators (200) ob.sen'cd that in- 
fected p.-ilicnts posses.s sub.stnnccs in Ibeir sera which will neutralize vindent 
Ijmphosp-amiloma virus. In 1931, they rcporlcd that when the infectious agents 
arc first incubated with som of patient.s with clinical manifestations of this disease 
and suhscquently inoculated into monkeys, the animals will not develop .symp- 
toms. 
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pie following year (202) they demonstrated that the mouse is a suitable 
animal for these studies, and outlined the following technique for demonstration 
of the protective bodies: 

a. Human serum which has been stored at 5°C. is incubated with equal parts 
of infected mouse brain suspension for 90 minutes at 37°C., and then at 5°C. 
for 17 hours. 

b. One drop of this mixture is then inoculated into mice intracerebrally. 

c. The animals are sacrificed at 24 days. 

d. If the patient’s serum contains protective bodies, the mouse brain will 
show no meningo-encephalitis. 

Findlay (76) made use of this procedure to show that climatic bubo and lym- 
phogranuloma venereum are the same disease. He observed that the virus of 
the latter syndrome is neutralized by the sera of patients ivith climatic buboes. 
Wasson (361) determined that these neutralizing properties appear between the 
12th and 17th daj'". The same author reported that injection of virulent ma- 
terial intracutaneously into guinea pigs will cause production of a papule in two 
to three da 3 ^s at the site of inoculation, but after incubation of the virulent ma- 
terial with convalescent sera, the papule does not appear. However, when the 
sera are first inactivated by heating for one hour at 60°C. the viral neutralizing 
properties are destroyed. Wasson (361) also found that these same substances 
which protect the mousefrom meningo-encephalitis aresometimes foimd in control 
patients with no evidence of infection by the virus. 

2. Complement Fixation: McKee and her associates (229) have shoAvn that 
sera from infected patients contain a substance which will fix complement in the 
presence of the viral antigen. By varying the amount of serum used it is pos- 
sible to find the “titre” at which the complement is fixed. The complement- 

fixation test has proved to be a valuable diagnostic aid (286), (327), (114). 

/ 

J. Relationship to Other Pathogenic Agents 

In recent years evidence has accumulated pointing to a relationship among 
several pathogenic viruses, namely, psittacosis, trachoma, inclusion blennorrhea 
conjunctivitis, meningo-pneumonitis virus of Francis and Magill, and pneu- 
monitis viruses isolated from cases of atypical pneumonia, and lymphogranuloma 
venereum. 

Developmental forms of the psittacosis virus were first described by Bedson 
-and Bland (10). Subsequent studies by these authors (11) revealed that an 
apparent cycle exists, in which the elementary bodies divide, the fragments ex- 
pand into larger initial bodies, and these in turn give rise to the smaller elementary 
bodies. Rake and Jones (283) studied the developmental forms of lymphogran- 
uloma and noted similarity in the morphologic characteristics of this agent and 
that of psittacosis. 

Thygeson (350) followed the transformation of elementary bodies to larger 
plaques, uith reappearance of elementary bodies in inclusion blennorrhea, and 
also is trachoma (349) and added that the cjdoplasm surrounding these viral 
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bodies contfiiiis ^ycogen, whereas none could be found about the agents of 
Ijunphogramiloma venereum orpsittacosis (361), (362), (287). 

In 1938, Francis and Magill (90) isolated an agent from the nasal w^a-shings of 
a patient rvith a respirator}' infection. It produced meningitis and pneumonitis 
in mice and hence is referred to as the agent of meningo-pneumonitis. These 
authore have been unable to find complement-fixing antibodies for this agent in 
the original patient or any other human, and it is suggested by Magill (221) that 
it is po.ssiblo this virus is not a human invader, but a contaminant in the passage 
animals used. The virus is about the same size as the one of lymphogranuloma, 
but the authors were never able to produce cross-immunity between these agents. 

Eaton, Martin and Beck (09) describe an apparent antigenic relationship be- 
tween the xdruses of lymphogranuloma venereum and meningopneumonitis. In 
mice immunized by intracerebral or intranasal inoculation a reciprocal partial 
cross-immunity was demonstrated. Sci-a of animals immunized with these 
viruses showed cross-reaction by complement fi.xation rvith antigens of the virases. 
Hamsters, wliite rats, and kangaroo rats that recovered from intracerebral in- 
fection nith the virus of lymphogranuloma were more resistant than control 
animals to subsequent inoculation with the virus of meningopneumonitis. These 
workers were unable to demonstrate a similar cross-immunity between the agents 
of lymphogranuloma and psittacosis. 

Beck and Eaton (9) isolated a xdral agent from two nonfatal cases of ntjTsioal 
pneumonia which had previously been exposed to two fatal cases. The agents 
obtained from the two non-fatal cases wore identical nith each other as shomi by 
cross-immunity experiments, and sera from these two patients fLved comple- 
ment in the presence of antigens of mouse meningopneumonitis and psittacosis. 
Also mice actively immunized with the psittacosis vims were protected from the 
mouse meningopneumonitis vims. Further studies revealed that the vims 
from the cases of human atypical pneumonia when inoculated intracorebrally, 
protected mice from 1000 M.L.D, of psittacosis introduced intracerobrally. 

Rake and his associates (282) studied cross reactions in complement fixation 
tcjits with the antigens of psittacosis, meningopneumonitis, lymphogranuloma 
venereum and the sora from cases of psittacosis, lymphogranuloma and atj^jical 
pneumonia. These investigations revealed that sera from patients with lym- 
phogranuloma venereum fix their homologous antigen and those of psittacosis 
and meningopneumonitis; sera from cases of psittacosis bind complement in the 
presence of the antigens prepared from the homologous agent and that of l}'mpho- 
granuloma; sera from certain cases with atypical pneumonia fix antigens of all 
three agents. None of the antigens gave fixation uith normal human sera. 
Five of the eight patients with at}T)icaI pneumonitis, etiology unknown, reacted 
positively to intmdcrmal injection with Frei antigen. Smadel and his collabor- 
ators (332) reported that the common antigen factor found in both members of 
the lymphogramiloma-psittacosis group was present in approximately equal 
amounts m both agents studied in their laboratory so that complement fixation 
tests were not satisfactorj' for distinguishing one virus from the other. Like- 
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Wise, although slight differences were found in the antibody titers of certain sera 
when tested with the two antigens, these were neither sufficiently great nor 
consistent enough to enable the authors to differentiate human infections induced 
by the two viruses. 

According to Rake and his group (284) ‘the agents of trachoma, inclusion 
blenorrhea, lymphogranuloma venereum, and pneumonitis of mice are all sus- 
ceptible to the chemotherapeutic action of the sulfonamides. 

' Sabin and Aring found (309) that serum from a patient with fulminating infec- 
tion and meningitis due to the %drus of lymphogranuloma fixed complement with 
the virus of meningo-pneumonitis, but not with the agents of lymphoc 3 d;ic 
choriomeningitis, St. Louis, Eastern or Western equine encephalitis. 

From these investigations it is probable that some group antigenic relation- 
ship exists among the agents of lymphogranuloma venereum, psittacosis, in- 
clusion blennorrhea conjunctivitis, mouse meningopneumonitis, and some agents 
capable of producing atypical pneumonia. 

VI. PATHOLOGY AND PATHOGENESIS 

We have exammed biopsy specimens from the Surgical Pathology collection of 
the Johns Hopkins Hospital and the following descriptions are based on this 
material and data from the literature. 

A. Primary Geniiat Lesions 

.These lesions have been described in detail by Stannus (339). The inflam- 
matory reaction excited at the primary site may be a vesicle or chancre. Grossly, 
these lesions are not conspicuous, rarely attaining a size of one centimeter, and 
usually but several millimeters. Microscopically, there are no distinguishiog 
characteristics. There is thickening of the stratum spinosum and the rete pegs 
and papillae are infiltrated -with Ijnnphocytes, some plasma cells and polymor- 
phonuclear leukocjdes. These inflannnatorj’- cells penetrate to the corium, and 
the subcutaneous ve.ssels are not involved as in syphilis. At the points of ulcera- 
tion, the polymorphonuclear leukocj'tes predominate. 

Incubation Period: The interval from sexual exposure to the appearance of a 
genital lesion ma}'^ vary witliin wide limits. Most experiences place this period 
at from 3 to 21 days (98), (153), (254). Sezary and Friedmann (319), who be- 
lieved they could date this interim, noticed lesions as early as two days and as 
late as 30 days in eleven cases, Prehn (276) claims to have seen initial mani- 
festations vdthin one day, and as late as 67 days. When the virus is introduced 
experimentally into the foreskin of man, a vesicle appears in 7 to 21 days accord- 
ing to Wassdn (361). 

B. Buboes 

These have been described in detail by Durand, Nicholas and Fa^Te in 1913 
(67). In this country D’Aunoj'' and von Haam (59) have substantiated the es- 
sential findings. The Lunph nodes are adherent to each other and to the skin, due 
to a capsular inflammatorj’^ reaction which is one of the characteristic features of 
this process. 
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tliclioirl fomiatioii. Tlii*! oigmiizatioii Iuuj loci pomp pnrlicr workers to confupo 
thip lesion with tiil)Ciciilo=is and pjidiilis. In areas between thenbseesscs, oc- 
tasional eliisteis of eosiiiophiK and midliimolcaled punt cells are often present. 

Occasionally the minute abscesses coalesce, so that one .sinus trad apiieai's on 
the .skin, as in ohnncrokl. rpually, they penetrate throiiRh the capside, pubcut- 
aneous tis.,iies and skin, so that multiple drainiiiR .sinuse.s appear on tlie .smfnco. 
The eapsiilar leaction is e.\tensive, aeeoiintint' for the plastic periadenitis. 

Iiiruhtlion Period: As witii the frenital lesions, this period r-aries. InKuinal 
adenopathy usually begins two weeks to three montiLS after coitus (oO), (301), 
(.319), but limits from one day tosk months are recorded (270). Oceas-ionallv the 









30 


HERBERT KOTEEN 


Ijonph node enlargement is noticed before the genital lesion. Wass6n (361) 
found that in experimentally infected patients, the regional nodes are palpable 
in 15 to 20 days after inoculation of the viras into the foreskin. It is stated that 
in naturally acquired disease the incubation period is shorter in wanner climates, 
and buboes have been observed within six daj'S of venereal contact (254). 

C . Probable Pathogenesis of CoJistitutional Reactions 

The s^miptoms associated with the active infection may be explained by two 
factors: — the direct effect of the invading organism or its toxin; and the allergic 
response of the host. Evidence e.xists that both mechanisms operate to produce 
the constitutional reactions seen in this disease. 

1 (a) Invading organisms: In 1936, von Haam and D’Aunoy (140) postulated 
that generalized dissemination of the virus is the factor responsible for the clinical 
sjmdrome that is commonh^ seen during the initial phases of the disease. The}'' 
assumed that the virus is distributed throughout the host during the incipient 
stages of the infection. This hj'pothesis is based in part on the finding of the 
vizTis in various organs following inti-acerebral inoculations of monkeys (199). 
Hower'er, successful isolation of the agent from the peilpheral blood has not been 
attained. 

(b) “Toxic” factor: In 1939, Gutman (136) suggested the possibility of a 
“toxic” factor as the cause for the .systemic manifestation of the infection, and 
acknowledged the difficulties in proving such a hypothesis. Recently, Rake and 
Jones (285) have reported isolating a “toxic” substance from infected yolk sac 
which has a lethal action on mice. 

2. Hypersensitivity: The intracutaneous skin reaction of Frei (92) depends on 
a mechanism of hypersensitivity, that is, the bod}^ has an increased specific re- 
.action capacity not found in the normal individual. It is generall}’’ believed that 
ei'j'thema nodosum which occurs vfith such frequenej^ in this disease is an expres- 
sion of hypersensitmty. Hellerstrom (152) offered this suggestion and it is 
substantiated by the frequent occurrence of this cutaneous manifestation follow- 
ing severe reaction during the Frei test (32). Arthritis may be such an allergic 
phenomenon. 

D. Elcphantaisis of the External Genitalia 

This lesion is more conmion in the female than in the male. Ulceration of the 
overlying skin is common, and according to Kampmeier (177) such areas of epi- 
dei-mal destruction are invaded by po^vniorphonuclear leukocytes. The corium 
is edematous and infiltered vith both leukocjffes and plasma cells. Thrombosis 
of small vessels occurs with infarction of the adjacent tissue. D’Aunoy and von 
Haam (59) say that the process con.sists of thrombo-endol 3 Tnphangitis and peri- 
honphangitis, with spread from the infected nodes to the surrounding tissues. 
If the infected genitalia remain untreated, fibroblasts appear, vith subsequent 
sclerosmg and hardening of the region involved. 

In explanation of the vulvar elephantiasis, it has been suggested that involve- 
ment of the inguinal nodes blocks the Ijunphatics from the external genitalia. 
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A more plausible theory is that the inflammatiou mthm the genitaha results 
irom direct action ot the virus. It is difficult to induce chronic edema m an 
area by interfering with U-mph drainage. Support to the concept of the local 
action of the virus is given by the work ot Koch (184), who recovered the virus 
from biopsy material in cases of csthiomene. Lei'aditi and Simon (209) were 
unable to isolate the agent. 

E. Rectal Iiwolfeinenl 

The essential le,sion of proctitis is ulceration of the rectal mucosa with penetra- 
tion ot the muscle layer by plasma cells, lymphocytes and some polymorpho- 



Fig. fi. V)>otomicroi;rnpli X oO 
Acute proctitis <luc to lyiut»hopn\milomu venereum 


nuclear leukocyte.s, with ililatation of the lymjihntics and blood vc.s.^cls (Fig. fi). 
After a period of months or oven yearn, sear tlsiue is lairi down and rectal stric- 
ture rc.siilts. Much of the .superlieial iiorlions of this ring of .scar tis,sue is com- 
po-erl of edematous granulation tissue. Secondaiy infection is inevitable, and 
increases (he reelal (iisehargo. Hemorrhage follows erosion of the small vessels. 
Fain does not become conspicuous until the strictuie is well formed. 

The relationship of rectal lesions to sex lia-s caused much debate. It Iras been 
assumed that bubo fonnatioii in (ho male is diicetly relaterl to the fact that the 
lymiihatics of the penis drain to tlie .superfieial inguinal mxle.s. Ilonevcr, in the 
female only the lymphatie elmnnci- in (lie labia majora l•omm^lniealo witli the 
inptinal area, ivliile tho-e in the posterior portion of tlie vagina anil rervi.x drain 
into the external iliac mall's (SI). It has been .suggested that this accounts for 
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Ijonpli node enlargement is noticed before the genital lesion. Wassen (361) 
found that in experimentallj’ infected patients, the regional nodes are palpable 
in 15 to 20 daj^s after inoculation of the virus into the foreskin. It is stated that 
in naturallj’’ acquired disease the incubation period is shorter in warmer climates, 
and buboes have been observed vdthin six da 3 '’s of venereal contact (254). 

C. Probable Pathogenesis of Constitutional Reactions 

The sj’^mptoms associated vdth the active infection maj'- be explained b}'- two 
factors:— the direct effect of the invading organism or its toxin; and the allergic 
response of the host. Evidence exists that both mechanisms operate to produce 
the constitutional reactions seen in this disease. 

1 (a) Invading organisms: In 1936, von Haam and D’Aunoj'- (140) postulated 
that generalized dissemination of the virus is the factor responsible for the clinical 
S 3 mdrome that is commonl 3 ^ seen during the initial phases of the disease. The 3 '' 
assumed that the virus is distributed throughout the host during the incipient 
stages of the infection. This h 3 '^pothesis is based in part on the finding of the 
vims in various organs following intracerebral inoculations of monke 3 ^s (199). 
However, successful isolation of the agent from the peripheral blood has not been 
attained. 

(5) “Toxic” factor: In 1939, Gutman (136) suggested the possibility of a 
“toxic” factor as the cause for the S3’’stemic manifestation of the infection, and 
acknowledged the difficulties in proving such a h 3 qDothesis. Ilecentl 3 ’', Rake and- 
Jones (285) have reported isolating a “toxic” substance from infected yolk sac 
which has a lethal action on mice. 

S. Hypersensitivity: The intra cutaneous skin reaction of Frei (92) depends on 
a mechanism of h 3 ’^persensitivit 3 q that is, the bod 3 '’ has an increased specific re- 
-action capacit 3 ’' not found in the normal individual. It is generally believed that 
er 3 d.hema nodosum which occui-s vith such frequenc 3 '’ in this disease is an expres- 
sion of h 3 '^persensitivit 3 ^ Hellerstrom (152) offered this suggestion and it is 
substantiated b 3 '' the frequent occurrence of this cutaneous manifestation follow- 
ing severe reaction during the Frei test (32). Arthritis may be such an allergic 
phenomenon. 

D. Elephantaisis of the External Genitalia 

Tills lesion is more common in the female than in the male. Ulceration of the 
overhung skin is con-unon, and according to Kampmeier (177) such areas of epi- 
demial destmction are invaded b 3 ’' pohmiorphonuclear leukoc 3 des. The corium 
is edematous and infiltered vith both leukoc 3 des and plasma cells. Thrombosis 
of small vessels occurs with infarction of the adjacent tissue. D’Auno 3 '' and von 
Haam (59) sa 3 ’’ that the process consists of thrombo-endol 3 '’mphangitis and peri- 
Ivmphangitis, \rith spread from the infected nodes to the surrounding tissues. 
If the infected genitalia remain untreated, fibroblasts appear, irith subsequent 
sclerosing and hardening of the region involved. 

In explanation of the A'ulvar elephantiasis, it has been suggested that inyohT- 
ment of the inguinal nodes blocks the hmiphatics from the external genitalia. 
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A more plausible theory is that, the inflammation nothin the genitalia results 
from direct action of the vims. It is difficult to induce chronic edema in an 
area by interfering with Ij-mph drainage. Support to the concept of the local 
action of the mrus is given by the work of Koch (184), who recovered the virus 
from biopsy material in cases of esthiomfcnc. Levaditi and Simon (209) were 
unable to isolate the agent. 

E. Rectal InvolvcmeM 

The essential lesion of jnoctiti.s is ulceration of the rectal mucosa with penetra- 
tion of the muscle layer by plasma cells, liunphocytcs and .some poh'inorpho- 
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the infrequencj’’ of inguinal involvement and the common rectal involvement in 
women. ^ However, Bensaude and Lambling (16) believe that the ^drus mi- 
giates directly from the vagina to the perii’ectal wall, and that scarring presum- 
ably begins in the deeper layers of the rectum before the mucosa is affected. 
These authors offer as evidence the fact that, of 88 women vith stricture, only 12 
had active proctitis. On the other hand, Grace (113) has found that of 67 women 
vith rectal stricture, 92 per cent had accompanjdng proctitis. He has suggested 
that the vims comes in contact with the rectal mucosa shortlj’’ after coitus be- 
cause of the contiguity of the \’Tilvar and anal mucosa, 

Bensaude and Lambling found that in 78 of 80 male patients vith rectal stric- 
ture, there was concurrent proctitis, and are of the opinion that this results from 
direct implantation of the virus on the mucosa during pederast}''. Eight}'" per 
cent of their patients acknowledged this practice. Grace (116) also observed 
this association of rectal infection and homosexuality. 

In our ovn exToerience, rectal involvement due to ]}'mphogranuloma is in- 
frequent except in colored Avomen. 

In 1935 Levaditi and his group (191), (247), (198) isolated the vims from a 
patient vlth inflamed rectal tissue, and then produced the characteristic histo- 
logic lesions in a chimpanzee by direct inoculation. Findlay (77) further clarified 
the problem b}'' isolating the agent from the inguinal nodes of a patient and in- 
jecting this material into the rectal mucosa of a monkey. Subsequently the 
animal was sacrificed and the mucosa was found to be histologically indistinguish- 
able from that ,of a naturally infected human case. From the tissue a virus was 
recovered which induced t}q)ical meningo-encephalitis in mice. Findlay con- 
cluded that “there is little doubt that the same A’irus is responsible for the genital 
lesions of lymphogi'anuloma venereum, and the rectal lesions associated Anth 
certain eases of stricture.” 

VII, DIAGXOSIS OF LA.'MPHOGRAXULOM.A, A'^EXEREUM 

Although the clinical manifestations of bmiphogranuloma A'-enereum are 
Availed, no one lesion is pathognomonic. There are numerous causes for genital 
or rectal lesions, for adenopathy, and for the other entities described in the preAU- 
ous section, so that differential diagnosis e.xclusively on clinical grounds is diffi- 
cult. SeA'eral diagnostic laboratory procedures are aA'ailable for routine use, 
and other supplementary aids may be utilized in special studies. 

A. Skin Sensitivity Tests 

Since 1925, the intradermal test introduced b}=" Frei (91) has been the main 
approach to the diagnosis of this A'enereal disease. Although the original Frei 
test AA’as performed Arith human pus, other antigens are hoav aA^ailable. 

1 . Human Pus Antigen: According to the original description, pus is aspirated 
from an unmptured bubo of a patient infected A\ith the viras of l}Tnphogranuloma 
venereum. This is diluted Avith six volumes of salt solution and heated to 
60°C. for tAvo hours on one day, and to the same temperature for one hour on the 
folloAA'ing day. One-tenth cc. is injected mtracutaneously, and, if a papule more 
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than 6-7 millimeters in diameter forms after 48 to 72 horn's, this is indicative of 
current or previous mfoction. A di'j' pus antigen may be prepared without loss 
of potency according to Grace (110). Retention of potency of this preparation 
for as long as three years has been recorded (145). 

Frei (100) asserts that the test is highly specific. The test may be falsely 
negative if the antigen is improperl}’- prepared; o.g., when it is heated to SO^C. 
or higher. ' Suspected false positives require careful evaluation. It is e.ssential 
that the papule be of the required faze; erj’thema is of no significance. Frei 
(95) has found that the most con-unon cause of error in the presence of false reac- 
tions is contamination of vaccines uath Ihdng or dead bacteria which may lesvdt 
in inflammatory reaction. In studj'ing the histology of specific and non-specific 
responses in patients knorvn to have lymphogranuloma venereum, Franclii (89) 
found that the former have the appearance of tuberculoid reactions, adtli mono- 
cytes and lymphocytes predominating, whereas the reactions induced with 
streptococci and staphylococci show only acute inflammation with polymor- 
phonuclear leukocytes in abundance. 

Tlio main objections voiced against the human antigen are that infected 
patients may not always be available from whom to obtain the material, that one 
cannot bo certain these patients do not have other infections, and that, because 
of variation in its preparation in different laboratories (286), results are not 
comparhble. 

Animal Tissue Antigens: After HeUerstrom and Wnssfin succeeded in 
producing infection in monlccy brains, they studied this tissue ns a source of 
antigen. Satisfactory residts were observed, using the brains of 65 monkeys. 
Papules up to 8 millimeters in size were obtained. Brain tissue that showed no 
evidence of meningo-enccphalitis gave negative results. Injection of attracts 
from the suppurating mesenteric glands of infected guinea-pigs produced com- 
parable reactions (234). Wassdn (360) was the first to investigate the use of 
c-xtracts of virulent mouse-brain as a source of antigenic material. In all 
patients that gave a positive response to human bubo-pus, ho obtained a power- 
ful reaction, up to 20 millimeters, with mouse brain c-xtracts. However, control 
patients showing no clinical or laborntorj' evidence of infection gave positive 
responses, up to 10 millimetora; and non-infected mice brain induced small 
papules in both diseased and non-infected patients. It was concluded that this 
product is not very' suitable for testing purposes. Strauss and Howard (343) 
found that about half of the reactions wore falsely positive in normal non- 
infected subjects, especially when material stored a month or more was used. 
Bmkloy and Love (17) reported false reactions in 45 per cent of their tested 
individuals. Grace and Suskind also cultivated the virus in mouse brain (120), 
and, in contrast to the unsatisfactory results generally reported, claimed that 
not one false positive reaction was seen in nonlymphogranulomatous persons and 
that emuLrions of normal mouse brain did not produce false response in either 
infect^ or non-infected people. They reported that quantitatively, the results 
were the same a-s those produced by human pus, but qualitatively, the reactions 
were usually more intense. No dcscnsitiiation of the skin of infected aibjects 



34 


HERBERT KOTEEN 


was observed after repeated inoculations. Mouse brain antigen retains its 
potency for at least eight months (121). It is conceded that whenever this 
antigen is used it is essential that control material consisting of non-infected 
mouse brain be used simultaneously to eliminate non-specific false reactions in- 
duced by foreign animal protein. 

S. Yolk Sac Antigen: Grace and his collaborators felt that a suspension of 
elementary bodies of the %drus might be the ideal agent for the performance of 
the Frei test. The virus was grown on the yolk sac of developing cliicken em- 
biyo (117) and then harv'^ested. Formalin-saline and then phenol were added to 
maintain bacteriologic sterility. Control material was produced in exactly the 
same Ava 3 '' from normal yolk sac from ten day embryos. These materials were 
tested on clinicallj'’ lymphogranulomatous persons and subjects showing no 
evidence of infection. Twenty-tAVO of 26 tested cases, knoAvn to have the disease, 
gave positive responses. In normal people, the infected yolk sac antigen pro- 
duced papules but alwa 3 ^s less than 5 millimeters. These results Avere considered 
satisfactory. Parallel studies AAith yolk sac antigen revealed superiority over 
mouse brain antigen in both sensitivity and specificity. Sulkin (344) concurred 
in this opinion, finding the mouse tissue less satisfactoiy in 42 infected and 20 
non-infected subjects. Greenblatt (131) analyzed results A\ith human pus, 
mouse brain, and antigen of chick embr 3 m origin, and found the yolk sac material 
the most satisfactory. Rake and his associates (286) attest to the superiority of 
the 3 '’olk sac antigen. Curth (56) conducted a study to evaluate the relative 
merits of hvunan pus and antigen from the yolk sac of the chicken embryo. 
In 69 patients in Avhom the diagnosis was not in doubt, positive reactions were 
obtained AAith both antigenic materials. However, when 90 subjects, Avith 
neither history nor ph3’^sical eAudence of the infection were tested, none exhibited 
cutaneous hypersensitmty to human bubo pus, but 22 gave positive responses to 
egg yolk antigen. This Avorker concluded that the human material is superior. 

In smtunaxy, it appears that the yolk sac mateiial is more specific than mouse 
brain extract and as sensitive as hmnan material. Its chief value lies in the fact 
that it may be prepared xmder standardized conditions, free from contamination, 
and that the virulence and dilution of the virus may be controlled. The test 
is performed and evaluated in a manner similar to that of the original Frei test. 

4. Time for Development of Sensitivity: Because the exact day of infection is 
diffi cult, to deteimine, one cannot fix Avith certainty the time required for the skin 
sensitivity to develop. ' However, Hellerstrom reported that 8 cases were Frei- 
positive 1 to 3 weeks after the appearance of the buboes, 14 cases after 4 weeks, 

5 cases after 6 weeks, 2 cases after 8 weeks. Nicolau and Banciu (257) noted 
the presence of cutaneous allergy as early as the tenth day after the appearance 
of the primary'- lesion, but the full intensity of the reaction was not reached imtil 
the fourth to sixth Aveek. Wilmoth (366) believes that the Frei "test becomes 
positiAm fifteen days after the start of the infection, and is usually maximal after 
an additional AA^eek. Wasson (361) recorded his results in psychotic patients 
experimentally infected who were either inoculated into the pi’epuce Avith living 
virus or treated Avith the same agent folloAving scarification of the skin. Four 
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patients inoculated directly into the prepuce responded to intradermal Prei 
antigen as early as the sixth day ndth papules 6 millimetere in diameter. Two 
subjects whose skin was scarified developed skin sensithdty by the thirteenth day. 
The papules resulting from the testing remained just as long as those associated 
with ordinarj' infections: namely, eight to twelve daj's. Although skin reac- 
tivity usually appears within three weeks, delay as long as three months is not 
uncommon (276). 

B. Diiralion of Skin Sensilmty: In the ex-porimental study described by Was- 
,s6n, cutaneous response to human bubo pus remained as long as 290 to 398 days. 
In the naturally acquired disease, the Prei test may be active for as long as thirty 
years according to Helleistrom (quoted by Wass6n), and Pahner and his associ- 
ates (260) have seen positive reactions as long as twent 3 '--one years after infec- 
tion. Once the test becomes positive, it probably remains so for the life of the 
patient (112), except in rare instances where immediate sulfonamide therapy 
has caused reversal (340). Wo have had the opportunity of observing reversal 
of cutaneous sensitmty in several instances. 

G. Interpretation of the Frci Test: Connor and his associates (40) reported the 
results of studies of 1,265 patients; of these, 243 gave persistently positive reac- 
tions and all but 17, or 7 per cent, had a history typical of infection, or showed 
clinical manifestations. In spite of repeated testing of patients wth negative 
reactions, no instance was obsetv'ed in wliich allergj' to the antigen was produced. 
D’Aunoy and von Haam (58) found, in testing 500 infected patients and 800 
controls, that they obtained 98.1 per cent correct results. 

In one studj’ of 1,170 tests on 400 patients, accurate results were claimed in 
95 per cent of the reactions (84). Bacon reviewed the findings from 41 clinics 
for the American Proctologic Society and learned that 35 reporting membere 
obtained satisfactorj' results in over 90 per cent of their cases (2). 

The specificity of the Prei test \vith any antigen is still questioned bj' Brandt 
and Torpin (27), Ivnott and his associates (183), and by Robinson (298). They 
suggest that cross reactions may occur in persons with other venereal diseases, 
especially sjphilis and chancroid; and the high incidence of positive reactors 
among apparently normal Negroes suggests the possibility of false reaction in 
this race, perhaps due to some imknown peculiaritj' of the skin. This idea is 
refuted by others (94), (118). False positive reactions have been described in 
atjpical pneumonia of unknown etiology (282). 

However this may be, a positive Frci reaction does not identify any lesion as 
Ij-mphogranulomatous unless the test, originally negative, has been observed 
to become positive on repetition at short intcr\'als. Othenvise, a positive Frei 
test indicates only that the patient has at some time boon infected with the vinis ; 
and it has no necessary bearing on the nature of the presenting lesion. On the 
other hand, a repeatedly negative Frci test in a patient suspected of having 
lymphop-nnuloma Is reasonably strong evidence of the absence of this disease, 
c.vccpt in those few cases which exhibit anergj' (91). 

r. Kon-responstveness in Infcetcd Patients: Frei warns (95) that a negative re- 
sult .>.hould not be taken .as proof that the patient docs not have lymphogranuloma 
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if the clinical evidence is controversial. He suggests (96) that under such cir- 
cumstances an invei-ted or intravenous test may be of assistance. This failure 
to respond to the injection of the antigen is termed “anergy.” Such a phenom- 
enon is described (310) in a patient vith typical genital lesion, buboes, and clinical 
course, who was non-responsive to 9 different potent antigens; but pus removed 
from' the patient’s bubo excited a clear-cut reaction in other infected patients. 
Temporary anergy, lasting for six months, is described by Prehn (276). After 
this inteiwal the patient responded in usual fashion. In two of the patients 
experimentally infected by Wasson, skin sensitivity was lost in two cases after 
forty days, although previous reactions were of diagnostic significance (361). 

B. Complement-Fixation 

The complement fixing property of l 3 rmphogranulomatous antigen derived 
from human bubo pus was demonstrated by Melczer and Sipos (232). These 
investigators foimd virulent human antigen superior to extracts of mouse brain 
and nodes from guinea pigs and rabbits. The bubo extract gave positive fixation 
in 85 per cent of 22 infected patients, and 13.5 per cent false positive tests among 
86 control patients with syphilis and gonorrhea. It is possible that some of the 
control group had latent infections vdth lymphogranuloma. 

Midana (238) used a similar technique, but reported the procedure of little 
diagnostic value. A crude extract, made by mixing bubo pus and saline and then 
using the supernatant after centrifugation, successfully fixed complement in the 
presence of sera from infected patients, according to Coutts and his associates 
(48). Eighteen of 20 infected subjects gave specific complement fixation (51). 
McKee and her co-workers (229) used yolk sac haiwest from chicken embryos 
infected with the virus of Ijunphogranuloma venereum in preparing an antigen 
for stud 3 dng complement-fixation. Another source of antigen used by this group 
was infected lung of mice, which had previously been shown to be a potent source 
of antigenic material (326). In carrjdng out the test, the following reagents are 
essential: (a) the specific antigen; (b) human sera inactivated at 56°C. and di- 
luted with isotonic saline; (c) complement from pooled guinea pig seinm, and 
(d) indicator system made up of sensitized sheep er 3 'throc 3 des. Controls for 
free complement and anticomplementaiy’- action of the reagents are included in 
every test mn. Since the seium is diluted three times wth saline, the lowest 
possible titer is 1:3, but the lowest usually tested b 3 '' the investigators was 1:6. 

1. Complement-fixation as a Diagnostic Aid: A few sera from Imomi h’-mpho- 
granulomatous patients gave good fixation with yolk sac antigen, but failed to 
react with mouse lung antigen (286). It was suggested that the lower titer of 
Virus concentration in the limg tissue was responsible for the phenomenon; and, 
hence, the yolk sac antigen is preferred. In 48 sera tested from persons "vvith 
clinied manifestations of the infection, or mth positive Frei skin tests, all fixed 
complement with viral antigens, and failed to fix it with control preparations 
from respective normal tissues. In 41 instances, the complete fixation took place 
witli serum dilutions between 1:15 and 1:600. No correlation between serum 



LYMPHOGRANTJLOSIA VENEREOTr 


37 


titeis and intensity of Frei reaction was recorded. In 30 cases from supposedly 
non-infected subjects, 28 failed to fix complement, and 2 gave low titers. Grace 
(111) reported positive results in 90 per cent of cases with clinical lympho- 
granuloma. Shaffer (327) reported that 113 of 115 patients^ with clinically 
recognizable lymphogranuloma had positive complement fixation tests. The 
other two were also Frei negative. The test may bo considered of dia^ostic 
significance when positive in serum dOutions of It 6 or greater, according to 
Harrop and his associates (146). The objection has been raised that the com- 
plement fixation by the antigen of lymphogranuloma may be a biologically false 
test (183), due to the presence of reagin 0>ecause of syphilis infection). This 
challenge has been met by Grace and his group (118), who studied sera from 60 
cases of presumably acquired syphilis and found that only 8 gave positive 
fixation for lymphogranuloma. In two syphilitic individuals with high titers of 
complement-fixing antibodies for lymphogranuloma venereum virus, the titers 
were not reduced by absorption with syphilis flocculation antigen. When the 
sera of 34 patients rvith congenital ssqihilis were tested against the antigen of 
lymphogranuloma, only twd positive reactions were obtained. In both cases, 
it was suspected that the diseases c-xisted concurrently. The authors concluded 
that a positive complement-fixation test implies a previous infection with the 
rims regardless of the presence or absence of syphilis. 

2. Appearance Time of the Complement-fixation Property: From a case of 
accidental laboratory infection (147), Harrop observed that the complement- 
fi.xing properties appear in theserum rvithin one week after the onset of symptoms, 
and this test remained positive after the Frei test had reverted to negative follow- 
ing a course of chemotherapy. In a well studied casei Sabin and Aring (309) 
noted the appearance of a positive complement-fixation test that titered at 
1:240 prior to the appearance of a positive Frei sldn reaction. Grace (111) had 
detected antibodies in the sera of patients about one month after onset of in- 
fection. 

S. Significance of the Complement-fixation Test: A positive complement fi.xa- 
tion test has only the same significance as a positive Frei reaction, suggesting 
past or present infection, but not proving the Ijunphogranulomatous nature of the 
presenting lesion. One difficulty in the use of this reaction as a diagnostic criter- 
ion lies in the fact that numerous cross-reactions may result with psittacosis, 
sjphilLs, meningo-pneumonitis, trachoma, atj-pical pneumonia, inclusion blen- 
notrliea and other diseases. Those infections do not constitute a problem in dif- 
ferential diagnosis, except in rare instances. Levine and liis associates (211) 
observed tlint 11 patients with pneumonia had positive complement-fi.xation 
tests, some with titer as high as 1:160. Three patients had complomcntl 
fixation tests ns high ns 1:61, but the Frei tests in these patients were negative. 
Tlio authors conclude tlmt, since cross-reactions were demonstrated from the 
antigens of lymphogranuloma and psittacosis agents, luxation must be corrobor 
rated by a positive Frei test before the diagnosis of Ivmphogranuloma can bo 
made. 
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C. Inverted Frei Test 

In 1932 Rravaut (290) demonstrated that purulent material from an infected 
case of lymphogranuloma will induce a positive skin reaction in a Frei reacting 
patient. Tissue from the suspected lesion is removed, and then inactivated by 
heating and prepared as an emulsion, prior to intradermal injection. A positive 
response is considered evidence that the lesion contains the agent of lympho- 
granuloma. The procedure is used conunonly, and is frequently referred to in the 
section on “Clinical Manifestations.” This diagnostic method is simply and 
usually a very valuable adjunct. Objections may be raised against the use of 
the inverted Frei test because (a) .the infectious agent (or some other, as tubercle 
bacilli) may be incompletely inactivated and hence ihadvertently introduced to 
the recipient; and (b) if both donor and recipient should, perchance, have some 
other infection, such as chancroid, the test will be positive, hut will necessarily 
be falsely interpreted, since neither may have lymphogranuloma venereum. If 
anergy be suspected, this procedure is especially valuable (268), (310). 

jD. Intravenous Frei Reaction 

In 1936, Hellerstrom (155) pointed out that patients with lymphogranuloma, 
even of many years duration, develop a febrile response with elevation of tem- 
perature of 1° to l 5 -°C., ten to twelve hours following an intravenous iojection 
with 0.25 to 0.5 cc. of modified Frei antigen. Ordinary antigen is diluted 8 
times and heated for two hours at 60°C. After repeated injections of this 
antigen, the fever peaks diminished until finally no increase in temperature oc- 
curred. This observation was subsequently verified by Gay-Prieto in three 
patients with enlarged inguinal nodes (104). Intravenous injections with 
antigen prepared from virulent monkey brain induce hyperpyrexia up to 1?° 
to 3°C. after twelve to eighteen hours, according to Ravaut, Levaditi and 
Maisler (291). The injections induced symptoms of toxemia similar to those 
foxmd during the acute infection. Two patients with negative Frei cutaneous 
reactions prior to intravenous injections developed skin sensitivity. Morris 
and Canizares (249) reported that 23 of 24 patients with lymphogranuloma gave 
positive responses, as evidenced by elevated temperature to intravenous injec- 
tions of mouse brain antigen, and 24 control patients did not respond. When 
antigen prepared from infected yolk sac of chicken embryo was used, only 11 
of 24 patients gave thermal responses. These investigators believe the test is of 
diagnostic value when the mouse brain antigen is used. Robinson (299) has 
found the test disappointing, and feels that the injection of a foreign protein may 
jnduce a febrile response so frequently that the method is of limited worth. 

E. Histopathohgy 

Although the tissue response to invasion by the agent of lymphogranuloma 
venereum tends to follow a definite pattern, it should be emphasized that the 
microscopic appearance is not pathognomonic. The conservative pathologist 
reports that the appearance of the tissue is consistent with, but not diagnostic 
of, this infection. 
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F. Demonslralion of Neutralizing Substances in Patient's Serum 

Levaditi and his collaborators (202) demonstrated the presence of neutralizing 
substances in the sera of patients exhibiting c\-idencc of infection with lympho- 
granuloma. The details of this study are described in the section on “Immuno- 
logic Studies.” 

1. Mouse, Protection Test: Recently, Rodaniehe (302) has described her c.xpcri- 
ence nith thilj procedure. If serum from a patient with lymphogranuloma ve- 
nereum is incubated vith ■v'irulent mouse brain emulsion for one-half hour, at 
38°G. and then for an adcdtional filtcen hours at icebox temperature, the mixture 
will no longer produce meningo-encephalitis on intracerebral inoculation in the 
mouse. This experiment demonstrates the presence of neutralizing antibodies 
for the infectious agent in the serum of the patient. Rodaniehe tested sera from 
9 Frei-positive individuals exhibiting active S3’mptom3 believed to be induced by 
the agent of lymphogranuloma. In 8 of these she was able to detect neutralizing 
bodies. 

S. Guinea pig slein test: Wien virulent mouse brain emulsion is inoculated 
intracutaneously in a guinea pig, a papule appears in two or three days, attains 
maximum size on the sixth day, and spontaneously regresses after two or three 
weeks. If the antigen is first incubated with sera from a patient with lympho- 
granuloma, as described above, the papule does not appear, because of the neu- 
tralizing effects of specific antibodies (361). Rodaniehe (302) employed this 
technique to demonstrate neutralizing bodies in 8 of 9 patients suspected of 
having the infection. The sera from several patients with negative Frci tests 
likewise possessed the power to attentuato the viral agent. This test is not 
specific, since sera from normal individuals arc able to prevent the appearance of 
the papule. If the papule should appear after incubating infectious material 
with serum from a patient who is suspected of having lymphogranuloma, it may 
bo concluded that the diagnosis is incorrect. 

G. Isolation of the Causative Agent 

If material from a suspect lesion is properly prepared and inoculated intra- 
ccrcbrally in mice with production of a characteristic meningo-encephalitis, and 
if extract of the mouse brain, inactivated and diluted, induces a positive skin 
reaction in known Frci reactors, this may be considered to establish the diagnosis 
of lymphogranuloma. Other agents may produce an essentially similar histo- 
pathologic appearance (90), hence it is necessary' that antigen be prepared from 
mouse brain to complete this diagnostic procedure. This extensive study is not 
adaptable to routine use, but it is of value in studying bizarre or imusual clinical 
manifestation of the disease. 

II. Condusims 

Mo one of the ordinaiy laboratory' procedures outlined in the foregoing para- 
graphs permits a definite and categoric diagnosis that a given lesion is duo to the 
agent of lymphogranuloma venereum. At best, it may establish the fact tliat 
(he patient now has or once had the infection. Knott and his associates (183), 
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in a comprehensive stud}' from this clinic, challenge the specificity of the diag- 
nostic skin and complement-fixation tests. Some of their remarks include the 
following: (a) that almost one-half of a group of 44 patients with chancroid had 
either positive skin reactions or positive complement-fixation tests for l 3 anpho- 
granuloma; (b) that only 84 per cent of patients -with clinical lymphogranuloma 
had positive Frei tests, and of the group only 7 per cent had positive complement- 
fixation reactions; (c) in 18 per cent of colored patients with other venereal 
diseases, one-third had positive evidence of skin sensitivity for this disease; (d) 
that 10 of 44 cases had transient biologic false positive reactions for syphilis. 
To inteipret the firstvthree findings in proper perspective, certain significant fea- 
tures of ICnott’s study must be borne in mind: first, that the material was 
gathered from a venereal disease clinic w’hose population is 90 per cent colored, 
and where factual data are difficult to obtain since the patients are prone to 
overlook small and painless lesions; and, second, that not a single false skin 
reaction or complement-fixation test was detected among the control group of 
20 members of the clinic personnel. 

Nevertheless, although the above analysis uill prove provocative and discon- 
certing to some, it must be emphasized that the final criteria in establishing the 
diagnosis of lymphogranuloma venereum depend on consideration of the history, 
appearance of the clinical manifestations, and careful evaluation of the laboratoiy 
data. 

vni. DIFFERENTIAL DIAGXO.SIS 
A. Diseases Associated with Genital Lesions 

1. Introductory Re7narlcs. The diagnosis of diseases of the external genitalia 
depends primarily, on laborator}' studies, secondarily, on historical data, and 
lastly, on the appearance of the lasions. Interpretation of serologic and sldn 
tests should not be undertaken by the iminitiated. Knott and his associates 
(183) obser\md that one-third of the cases of lymphogranuloma venereum and 
chancroid during their early phases are associated with biologic false positive 
tests for syphilis. These are usually of low titer, transient, and spontaneously 
revert to negative. Hence a “typical chancre” of .syphilis may be caused by the 
streptobacillus of Ducrey, or the viins of lymphogranuloma venereum. V/hon 
the diagnosis is in doubt, it is better to wait and observe the effects of time on 
the serologic and skin reactions, and to wthhold treatment. A positive Frei 
reaction does not imply that the lesion under obseivation is caused by lympho- 
granuloma, but only that the patient has, or once had, infection by the vims. 
Similarly, a positive Ducrey test implies either pmsent or previous chancroidal 
infection. If the patient develops a positive skin reaction or serologic test, 
and these tests become more strongly positive under observation, this evidence 
is strongly suggestive that the presenting lesion is related to the laborator}' 
procedure under consideration. 

2. Stjphilis. (a) Early Syphilis: The primaiy lesion of syphilis is usually 
elevated, firm, flat, and clean; but, if ulceration occurs, it may simulate the 
“chancre” of lymphogranuloma venereum. Unilateral edema of the labia with 



liYMPHOGRAXUliOMA VKNEllEUM 


41 


ulceration is not uncommon, and is similar in appearance to cstbiomfcne. Ac- 
quired syphilis is associated with vesicle formation mth excessive rarity, if at all, 
and hence a herpetiform lesion praoUcally excludes this disrase. Darkfield 
examination is mandatory for every genital lesion, and, oven if it fails to reveal 
treponema pallidum, a steadily increasing titre in the serologic series is con- 
firmatoiy evidence for syphilis. 

(b) Late Lesions: Gummn of tlie external genitalia is vciy rare in women. 
A localized, necrotic, ulcerated, painless lesion in a man with a history of sjqrhilis 
and a positive serologic test suggests a gumma. The lesion will show evidence 
of healing after one or two injections of an arsenical. Biopsy study is of assist- 
ance. 

3. Chancroid. Soft chancre is more apt to bo confused nith lymphogranuloma, 
since the initial lesion may be a vesicle. In chancroid, the ulcerated foi-m is 
usually extensive, granular and painful. Multiple sores are common. Smears 
may reveal the Ducrcy streptobacilli which arc Gram-negative rods arranged in 
long curving chains. The diagnostic clue is a positive skin reaction induced by 
injecting intradermally bubo pus from a patient known to have chancroid, ns 
advocated by Cole and Levin (39); or by injecting an antigen made from a cul- 
ture of the Ducrcy organisms (312), as described by Grcenblatt and Sanderson 
(134). 

Granxdoma Inguinale. This venereal infection is primarily a disease of the 
skin in which the initial lesion is described as a cherrj' rod area, in contrast to the 
beefy red of the sypliilitic chancre (25). The superficial dcstniotion rapidly 
spreads to involve the labial folds and extends toward anus and inguinal regions. 
In the male, the akin of tlie penis is denuded and the process soon includo.s the 
aupmpubic area. The lymph nodes arc not infected, but “pseudo-buboes” form 
as described by Grcenblatt and his co-workere (133). The infection is onealmo.st 
exclusively of Negroes, and the diagnosis is based on the finding of Donovan 
bodic.s on smear (CG). They may bo found by curetting the raw surfaces and 
staining with Wright or Gicmaa stains. The bodies are arranged in diplofonn, 
are about the size of the pneumococcus, and have a clear zone about them, or 
oceasionally a capsule. There is a pungent odor characteristic of the disea.se, 
and when this is once appreciated, the diagnosis is readily suspected. 

•j. Herpes Progenitalis. The vesicles of this process arc similar to the herpeli- 
fonn lesions of Ij-mphogranuloma venereum. The disease is a-ssociated rrith a 
history of cyclical occurrence, unrelated to sexual e.xiiosurc and with spontaneous 
remissions. The etiologic agent is a virus. 

fi. ErJhyma of the Vulva. The patient complains of multiple pusluhy u ith 
aivas of ulceration of the labia. There may bo e\-tcnsivc edema and hyperemia, 
es in e-thiomlnc. According to Robinson (300), .staphylococci and streptocoeci 
may he isolated. 'I'he Ie.sions re.spond to nseptie-s, ns gentian violet or .sulfon- 
amide ointments. 

7. Tubcrculofix. TubereuliMs of the c.\tenial genitalia is seen with incioasmg 
rarity ill either men or women, and is usually associated with infecUou of the 
internal ginitnlia. Stevenson (3-11) found only one primary c.sse of infection of 
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the labia in 18 studied. In the male, infection of the urethra follows kidney 
and bladder involvement.' Diagnosis depends on histopathologic study, or 
isolation of the bacillus. 

8. Fungus Infections. Monilia albicans can cause erythema and inflammation 
of the vaginal 'n’alls indistinguishable from other forms of elephantiasis. Wiite 
plaques are found on the interior of the vulva, and from these the fungus may be 
cultivated on Sabouraud’s medium. The lesion is identical in etiology and ap- 
perance to thrush. The causal relationship was demonstrated by Hesseltine 
and his group (161). It is most commonly found in diabetes mellitus, and re- 
sponds to 6-10 per cent gentian vdolet applications. 

9. Neoplastic Diseases, (a) Benign Tumors.- Leiomyomata or cysts of the 
vagina are imcommon. Wfliarton reports that tumors occurred 260 times in 
47,500 pathologic surgical specimens studied at Johns Hopldns Hospital (359). 
They arc unilateral discrete structures, usually slow gron-ing and unrelated to 
sexual belwvior. Benign tumors of the male genitalia arc rare. 

(6) Malignant Tumors: In either sex, cancer is found in the older age group, 
in males, over 40, and in females, over 60. In women, concurrent leukoplakia 
is the rule. The majoritj- of cases arc epidermoid, slow growing, wth relatively 
little edema, characterized by weeping necrosis and induration. Cancer and 
esthiombne have been observed co-existing (130), (138). Whenever malignant 
tumor is suspected, other diagnostic aids should bo suspended until a biopsy is 
done. 

B. Diseases Associated with Inguinal Adenopathy 

Certain charaetcristics of lymph nodal changes may aid in the differentiation 
of lesions in the inguinal area. There is considerable variation in the process of 
invasion, but a general pattern evolves for each entity. This scheme appears 
as Table 2. 


XX. LABOUATORY FINDINGS 
A. Blood 

1. Cellular Elements; Chevallier and Bernard (34) have found a diminution in 
the erythrocyte count during the infectious period. This was likeivise the ex- 
perience of Wassiin (361), who found the total colls fluctuated between 3.5 and 

4.0 million. This has not been the obsen-ation of others (59). 

Hiere is usually an elevation of the leukocytic series, with total cells varying 
between 10,000 and 20,000. Ravaut, Bouline and Rabeau (2S9) found that the 
monocjdes were increased to 17 per cent; Chcavallier and Bernard (35) found an 
cosinophilia of 5 per cent; Gay-Prieto (103) found monocytic cells made up 20 
per cent of total counts of about 15,000; Wassin (361) reported a leukocytosis of 

10.000 to 20,000, noting this rise accompanied glandular involvement; Kicolau 
(250) obscri-ed extremes of 8,000 and 27,000; and Courts (44) reported co.sino- 
philia as high ns 32 per cent, and found a less degree commonly. 

2. Chemical Changes: In 1936, Gutman and his associates (137) reported that 
20 of 35 patients u-ith Ijmphogranutoma had elevated scnim proteins. TIic 
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concentration usually exceeded 8.0 grains per cent witli primary increase in the 
globulin fraction. Further fractionation revealed that this hyperglobulinemia 
depends on both increased euglobulin and pseudoglobulin. Howai-d and her 
group (166) observed hyperproteinemia, ivith reduction in albumin and increase 
in globulin, reversal of the albumin-globulin ratio, in both recently infected 
cases and those with active chronic lesions. Active syphilis tends to accentuate 
these findings, according to these investigators. Because the proteins approach 
nonnal with healing of lesions, they feel that such determinations have a prog- 
nostic value. In this clinic, Schamberg (315) found variations in proteins 
paralleled improvement in clinical status in 20 patients with acute infection. 
Of 67 cases studied bj’- Kampmeier and his group (178), 62 showed total protein 
determination of more than 8.0 grams per cent and globulin of more than 3.0 
grams per cent. No patient had a total protein of less than 7.5 grams per cent. 


TABLE 3 

Conditions Associated wiih Increased Blood Proteins 


FREQUKNTX.V ASSOCIATED WITH HiTERPROTEINEMIA 

INFREQUENTLY ASSOCIATED WITH 
lIYPERPROTElNEinA 

1. Lj’mphogranuloma venereum 

1. Metastatic bone lesions 

2. Deh 3 'drntion 

2. Malaria 

3. Secondarj' syphilis 

3. Still’s disease 

4. Military tuberculosis 

4. Rheumatoid arthritis 

. 5 . Multiple mj^cloma 

5. Early portal cirrhosis 

0. Leprosj’^ 

6. Leukemia 

7. Trjpanosomiasis 

7. Filiariasis 

8. Kala-azar 

S. Erythema induratum 

9. Schistosomiasis 


10. Boock’s sarcoid 


11. Subacute bacterial endocarditis 


12. Disseminated sclerosis 



Since serum i^roteins may be increased in many other conditions, this deter- 
mination is of minor value as a diagnostic aid. If hypoproteinemia is present, 
this mitigates against the diagnosis of l3Tnphogranuloma venereum. Below is 
listed a table, modified from Shuhnan and Jeghers (330), enumerating man}^ of 
the entities in which the blood proteins are increased. 

It is a Avell lal0^vn fact that sedimentation rate and foimol gel determinations 
var3’’ as the blood protein. Elevated sedimentation rate is common in l3mpho- 
granuloma according to Ferrari (75), and this increases with the proteins and 
not with the intensity of the illness. Schmidt (317) tested 40 infected individuals 
and found 36 had a rise in sedimentation rate, especial^’- marked during the phase 
of greatest bubo involvement. TiTien 1 cc. of serum is shaken -with 2 drops of 
40 per cent formol and allowed to rest at room temperature for 24 houis, an 
opaque gel mass forms. This foimol-gel reaction is found to be present fre- 
quentb'- in patients with 13'mphogranuloma (217). 

A detailed stud3' of chemical changes of the serum in bmphogranuloma ven- 
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eroum ha, been made by Rosen and bis collaboiators (306), comparing tliesc 
values to those found in normal individunbs and to those found in patients in- 
fected with other venereal diseases (307). Table 4 is modified from the first 
of these papers. 

B. Set ologtc Tests for Syphihs 

ObSeivation that biologically false positive reactions for syphili.s aic common 
in patients srith Ijunphogranuloma, A\as first recorded by Ravaut and Rabcau 
(293). Because of the piesence of a high scinm globulin, fal.se Wasseimiinn re- 
actions and also anticomplemcntarj' reactions aie common. Knott and hLs 
collaborators (183) from this clinic report that one-third of patients with early 
infection have transient false positive reactions for syphilLs. 

C. Urine 

In those cosc-s in nhieh there is direct infection of the urethra or bladder, it is 
apparent that leukocytes, albumin and desquamated epithelial cells will be 

TAHI,i: 4 


Suutn Chimgi^ tn Lymphograniitnma Vuicrtum 



isrsmo TATIENTS 

KOMUJ. COVTKOtS 


mg. 

mg. 

Total lipids 

1,401 :t41 

1,021 ±32 

Cliolcatcrol 

IkQ dzIO 

228 ±G 

Lccitlnn 

109 ±7 

200 ±3 

Lipid phosphorus 

6.8 ±0.3 

8.0 ±0.1 ' 

Tree eUolcstcrol 

-5 ±3 

7C 

Globulin 

3.84 ±0.21 

2. 28 ±0.01 

Albumin 

4.01 db0.12 

4.38 ±0.04 


common in the urinarj'' sedimeirt. However, when there is no apparent itrvasion 
of this sort, traces of albumin have been detected by Gutman (136). To our 
knowledge, no other abnormality in the urinarj’ excretion is reported. 

D. Ca-cbrospinal Fluid 

No abnormality of the spinal fluid was reported by Ravaut and Schcikevitch 
(291), or by D’Aunoy and von Haam (141). Chcvallier arrd Bernard (30) found 
increase in protein on one occasion, and Trlidaha and Vercellino (239) found the 
same deviation from the normal in 2 out of 11 cases. Kitigawa (179) claimed 
that increase in tension is not uncommon. Isolation of the agent is de.scribcd in 
the bcolion on “Clinical Manifestations”. 

K. Stools 

Examination of stools in casra of proctitis or rectal stricture ie\eals the pre.s- 
cncc of pus !md cither gross or ocnilt blood. According to Gray (126), Ij-mpho- 
granuloma is not seen in Nortli China; but Srhhtosmna japontenm as a cause of 
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rectal stricture is not uncommon, and hence stools must be examined for the eggs 
of this parasite. 

F. X~ray Studies 

Rendich and Poppel (297) have reported that in three cases in which lympho- 
granulomatous infection of the colon was suspected, a characteristic x-ray pic- 
ture was obtained. This consists of smoothing of the usual relief, and a scallop- 
like appearance, which the authors refer to as “indenture pattern”. In a review 
of 500 cases of ulcerative colitis, Weber and Bargen (362) found three that they 
believed fitted into this group. All patients had involvement of lower sigmoid 
colon and rectum, and a history of lymphogranuloma. The x-ray showed 
shortening and narrowing of the segments. Studies of the mucosa revealed 
absence of relief or deeply pitted pattern. The authors felt that this is fairly 
typical. 

X. TREATMENT 
A. Introduction 

Prior to the advent of the sulfonamides, various medical and surgical pro- 
cedures were tried for the treatment of the numerous manifestations of lympho- 
granuloma venereum, with vaiying degrees of success. Many of these are now 
only of historic interest; others are adaptable as adjuncts in modem therapy. 
Sensitivity to sulfonamides is becoming increasingly common, since some pa- 
tients who were treated for the first time without developing toxic manifestations 
have, on subsequent courses of the dmg, exhibited symptoms of intolerance. It 
is for this reason that other therapeutic measures must be considered and evalu- 
ated. 

B. Prophylaxis and Isolation 

1. Prophylaxis Except for the occasional instance of accidental inoculation 
with a contaminated surgical instrament, and the several infections among labora- 
tory workers, and the few^ references to the disease in children probably trans- 
mitted by contaminated enema tips and similar deduces, no case of non-venereal 
adult infection is reported. Hence, except for the obvious precautions that 
should be taken to prevent such infections as mentioned above, prophylaxis 

' consists in preventing sexual contact between infected and non-infected indi- 
viduals. This cannot be done until case-reporting and case-finding methods are 
adopted. Because the initial genital lesion is minute and transient, and the 
period of tubo formation so variable and prolonged, the difficulties inherent in 
this control are apparent. Until studies are undertaken, their practicability can- 
not be predetermined. Frei (97) has recently suggested isolating men with 
anorectal lesions since one must suspect these patients of pederasty and as po- 
tential sources of infection when housed -with other males. He further recom- 
mends routine skin-testing of all persons with even mild s 3 rmptoms of proctitis. 

2. Isolation: How long should a patient with infectious lesions be isolated? 
As yet this question remains unanswered. In institutions as the Armed Forces 
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where isolation is mandatory for all venereally infected membera, it is recom- 
mended that patients be retained until genital lesions heal, or, in the case of • 
inguinal adenopathy, until the patient has completed one full course of sulfon- 
amide therapy. Men with anorectal lesions should be questioned concerning 
homosexuality, and be handled accordingly. Since esthlofene has not been 
proved infectious, women with this manifestation need not be hospitalized. 

C. Therapeutic Measures, Excluding Sulfonamides 

In evaluating any therapeutic measure, it is necessaiy to bear in mind the 
tendency for lesions to heal spontaneously (24). The initial lesion requires no 
therapy, and the inguinal nodes usually undergo scarring following suppuration. 
The chronic lesions of genital elephantiasis and anorectal involvement do not 
heal without intervention. 

1. Topical Applications: Greenblatt and Wright (135) recommended that 
ulcerated genital lesions be treated with neoarsphenamine in glycerine for the 
relief of symptoms associated with secondary fusospirochetosis. Pain caused 
by distention of the inguinal nodes often responds to an ice-pack. 

2. Excision of Nodes: IQotz (182) recommended complete removal of the in- 
fected nodes ns an effective means of therapy. Others have found incision and 
drainage satisfactory. Partial adenectomy was employed by D’Aunoy and von 
Haam, who obserr’'ed healing of the lesions one month after operation in 60 per 
cent of the cases. Simple incision with drainage prolonged recovery as n rule. 

3. Vaccine Therapy: Gay-Prieto (104) described improvement following sub- 
cutaneous inoculations rvith Frei antigen in patients with early lesions. Others 
(163), (1) found this form of therapy of value. However, Brandt and Green- 
blatfc (20) reported favorable results during the early stages with bubo involve- 
ment, but were disappointed rvith the response of ulcerations of the genitalia 
and also of anorectal lesions. Prehn (276) found that intracutancous admini- 
stration of graded doses of potent Frei antigen every other day until at least 
eight doses or more are injected near the site of Ij-mphadenitis seems to bring 
about rapid involution, absorption and cessation of drainage. Anderson and 
Harmon (1) treated 28 cases noth diluted Frei antigen, and reported satisfactory 
results. 

Autoserum as Specific Antigen: It is the impression of Marks (223) that the 
serum of infected patients contains the antigen of Ijunphogranuloma and that 
by injecting the p,atient’s orvn sentm intramuscularly the patient will build up 
antibodies which have therapeutic value. To test this theory’, ho tieated 50 
patients, 35 of whom had rectal lesions, by inoculating each patient with first 
0.5 cc. of his own scrum and gradually increasing the dose until 7 cc. wore given, 
every four day's for a coirrso of 12 injections. According to the author, every 
lesion improved, with relief of pressure, diminution of rectal discharge, and Ics- 
scirrng of pain. 

_ A Intravenous Vacanolherapy; Hcllcrstrem (166) reported that intravenous 
injectrons of Frei antigen into patients with lympiiogranuloma induced high 
fevers wlh subsequent improvement in the clinical course. Komblitlr (189) 
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found this an effective form of therapy in' a large series of cases; but Greenblatt 
and Brandt (132) found unmediate exacerbation of symptoms following intra-' 
venous injections of mouse brain antigen, with favorable results in only two of 
eight cases. Because of the inconvenience, expense, and the questionable merits, 
this form of treatment is not recommended. 

5. Immune Transfusions: By giving blood transfusion totaling 300 cc. from 
individuals recently recovered from the early stages of the disease, Brady. (22) 
claimed symptoms were greatly reduced in 16 patients with bubo involvement. 
Following this therapy, 11 of the patients experienced a febrile response lasting 
2-4 hours, but this was replaced by improvement in attitude, color, appearance 
and weight. 

6. Physiotherapy: Several foims of physiotherapy have been advocated. 

a) X-ray: Martin and de Lorimer (226) administered 50 to 100 r. to 61 cases 
with inguinal adenopathy over a period of one to three months. With the ex-' 
ception of two cases, all i-esponded satisfactorily; and the authors felt that 
roentgen therapy is superior to all other forms except sulfonamide therap}’-, and 
recommend it for those patients unable to tolerate the, dmgs. Brandt and 
Greenblatt (26) experienced disappointment with this treatment, admitting that 
it hastens suppuration, but that the final results are not comparable to either 
chemotherapy or vaccinotherapy. 

b) Long Wave Diathermy: Martz and Foote (227) used diathermy in five cases 
with rectal stricture, beginning vith 900 milliamperes and increasing to 1800. 

bey used metallic Hegar dilators as electrodes, and administered Frei antigen 
incurrently. They thought the patients had relief of pain, discharge and tenes- 
us, but the stricture was uninfluenced. 

c) Short TFaye Diathermy: In 1935, Bensaude and Lambling (16) reported that 
athermy reduces congestion and promotes healing in proctitis when given for 
tTnt 3 ’- minutes tAvo or three times Aveekb'’ for a total of 10 to 12 applications, 
emporaiy relief follovdng short wave therapy was noticed by Shackelford and 
/einberg (322), but these workers ascribe the improvement to the use of dilators 

inserted into the rectum several times weekljq rather than to the action of the 
diatherm 3 ^ Relief of pain was experienced bj’’ patients with genital ulceration 
and urethral stricture when this form of treatment was administered (26). 

7. Antimony Compounds: Shaffer and Iris associates (324) treated eight pa- 
tients Avith inguinal adenopathj’- and four Avith the anorectal syndrome, AAith 
anthiomalme (lithium antimoniothiomalate), a trivalent salt of antimon3^ They 
gaAm intramuscular injections 2-3 times Aveekly until 2-4 grams of the drug Avere 
given durmg each of tAA'o courses. Patients wfith the inguinal lesions responded 
hfithin one month, and AA’^erc cured AA-ithin 5-7 AA'eeks; AA’-hcreas the other four 
patients noted diminution in signs of proctitis AA'ithout any change in the stric- 
tures. In a subsequent study, the authors (323) found that 10 of 13 cases ex- 
perienced improvement in rectal symptoms. 

Law (194) treated 33 European and 187 African soldiere AAdth lymphogranuloma 
Amnereum. In these men the Frei test Avas positme m 61 per cent of the cases, 
and in the remainder, was doubtful, negatme or not done. The patients AA'erc 
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treated wth anthiomalinc, given inti-amuscularly or intravenously. Tlie initial 
dose was 0.5 co. and each subsequent injection was increa.sed by this amount until 
a dose of 2.0 cc. wa.s reached. A total of 20 injections were prescribed which per- 
mitted about 0.2 grains of antimony metal for each patient. The author found 
that this therapy induced healing in three weeks, and is equal in efficacy to a 
course of 50 to 100 grams of sulfanilamide. 

8. Surgical Repair: It has been customary- to remove poljqioid v-ulval groirths 
by surgical means and to perform plastic repairs on elephantiasis of the genitalia 
in both sexes. Such procedures have been unsatisfactory- because of the fri- 
ability of the tissue. Many cases of stricture required colostomy, and as recontly 
as 1941 a mortality of 14 per cent was reported by Barker and Murphy (7) in 
those instances where colostomy was followed by sacroporincal resection of the 
infected tissue. Morris (250) also found it necessary- to do combined abdomin- 
operineal resections when the infection e.xtended to the sigmoid colon. Such 
elaborate procedures arc unavoidable when extensive bowel tissue is involved. 

D. Experimental Sulfonamide Therapy 

In 1938 Levaditi (201) showed that sulfanilamide administered orally- to mice 
prevents the meningo-cncephalitis otherwise induced by intracerebral injec- 
tion of the lyunphogranuloma i-enereum %-irus. This work was substantiated the 
same year when MacCallum and Findlay (219) reported that, in a group of mice 
treated with sulfanilamide following intracerebral inoculation of the virus, only 
a few animals developed symptoms of meningo-enccphalitis, while most of the 
untreated controls died. Mice, inoculated with an emulsion of infected mouse 
brain from animals preiiously treated with .sulfapy-ridino, nevertheless develojicd 
mild infections, not sufficiently severe to cause death according to Schlos-sbcrger 
and Bar (310). This suggests inhibition of the virus by- the drug, but without 
loss of infectivity. Brontosil album has c.sscnfially the same olTect, causing 
amelioration of .symptoms in infected mice, but without effecting any complete 
cures (G). Findlay- (79), (80) was able to reduce the moitality- by feeding sul- 
fonamides in gum acacia to mice previously- inoculated with vinilcnt material. 
He found that the drugs varied in protecting power, in the following de.scending 
order: .sulfamcthylthiazole, .sulfapyridine, sidfathiazole, and sulfanilamide. 
.Tonc-s and her associates (173) confirmed this report, noting that sulfadiazine, 
sulfathiazolc and sulfagunnidine arc capable of preventing death from acute 
infection with the viius when given proidiylactirally, and equally elTcctive when 
administered lhera|)eutically. The mice were not entirely .symptom free, and, 
when the animals treated with aulfaguanidine and sulfathiazole were sacrificed, 
re-inoculation of the mouse brains into yolk sacs of chicken embryos produced 
some growth, .suggesting that the drugs nie virostatic but not virocidal. Callo- 
mon and Brown (29) corroborated much of t liis work, by .showing that when mice, 
injcctecl inlracerebrally with the virus, are foil sulfonamides, the same order of 
protection occurred: namely, .sulfathiazole, -sylfapyridine, and finally, sulfanil- 
amide and neopronlosil. When tre.atcd and untreated animals ucrc killed, his- 
tologic .studies of the brains rei'ciiled that the amount of cellular infiltration was 
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equal in the treated, asymptomatic mice and in the obvious sick animals. Usu- 
ally the meninges were infiltrated, and occasionally the cells, consisting of 
ndutrophilic leukocytes, lymphocytes and plasma cells, were found in the brain 
substance. When treated animals that survived the first inoculation were re- 
inoculated with a virulent agent, very few died. From this, it was assumed that 
the first infection had induced immunity. 

According to Holder and his associates (164), when the virus of lympho- 
granuloma is incubated with sulfadiazine, sulfathiazole and sulfanilyl sulfanilate, 
and sulfaguanidine for vaiying periods from two to twenty-four hours, the agent 
is not destroyed but its virulence reduced, with the drugs most efficient in the 
order named. When the agent was re-injected into mice after contact with 
sulfonamide drugs, there was prolongation of the incubation period and also of the 
duration of symptoms. 

All these studies suggest that, although the sulfonamides are able to prevent 
death of the animals, it does not mean the viral agent is destroyed. Jones (173) 
warns that the significance of this finding in terms of human infections is of prime 
importance, since a period of latency may be induced by the drug therapy, or 
perhaps even a carrier state may be effected. 

B. Current TJierapy of Specific Lesions 

1. Early Lesions: For the most part, the initial lesion does not constitute a 
therapeutic problem. In the male, the lesions usually heal spontaneously and 
in most instances are overlooked by the patient. Coutts (45) recommends treat- 
ing vulval ulcers with 5 per cent sulfathiazole ointment, with the addition of 
female sex hormone in persistent cases. Patients seek medical assistance be- 
cause of inguinal involvement, and often not until the nodes are painful or have 
already suppurated. Treatment of infected nodes does not depend on the loca- 
tion of the adenopathy. Excision is neither necessaiy nor recommended. 
Severe tension may be relieved by aspiration. Hamilton (144) obtained im- 
mediate resolution of bmphadenitis in 13 of 15 cases by administering sulfanil- 
amide for about fifteen days. Stein (340) treated 35 cases with the bubonic 
form of lymphogranuloma with the same drug and advised continuation of ther- 
apy for at least a week after the lesions have subsided. After six months 20 
patients remained well, and in 4 cases the Frei reaction had reverted to negative. 
Schamberg (315) noted immediate subjective improvement in 20 colored pa- 
tients, but objective evidence of response to sulfanilamide was slower. Prats 
(275), Trautman and Thomason (355), Graham (125) and Grace (123) found 
this drug satisfactorj’-. Recently Noojin and his associates (258) report that in 
their hands sulfathiazole and sulfadiazine are equally efficacious in preventing 
suppuration and promoting resolution of infected inguinal nodes. 

In this clinic the current procedure is to prescribe one gram of sulfathiazole 
(or sulfadiazine) orally four times daily for two weeks. If the patient tolerates 
the dnig without reaction, treatment is continued with 3 grams daily for an addi- 
tional two or three weeks, depending on the involution of the adenopathy. This 
routine has proved satisfactory, and, with this dosage, toxic manifestations 
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arc exceedingly rare, even though patients remain ambulatory. The constitu- 
tional symptoms respond within two daj's, and, although there may be no ap- 
parent change in the adenopathy, the patients report alleviation of pain wthin 
this interval. When therapy is continued for four to five weeks, recurrences are 
not seen. It is too early to report on the effect this program mil have on the 
prevention of late manifestations of the disease, and we are unable to evaluate 
the influence of sulfonamide therapy on transmission by s&xual contact. The 
above treatment for 4—5 weeks constitutes one course. 

Sulzberger and Baer (348) caution that in evaluating any therapy for lympho- 
granuloma venereum, it should bo borne in mind that the early manifestations 
often subside within a few weeks, either spontaneously or under such simple 
care as bed rest and hot compresses. It is the impression of Sulzberger (347) 
that the therapeutic efficacy of the sulfonamides^ in acute bunphogranuloma 
venereum has not yet been proved; and that in his experience, hospitalized 
cases respond in approximately the same period rvitbout specific chemotherapy. 

2. Ophthalmitis: A case of a 39 year old white man who developed purulent 
conjunctivitis is reported by Curth and his associates (57). Within one year the 
cornea became opaque and vision was lost. During the next few years, the con- 
junctiva of the opposite eye became inflamed and it was from this discharge that 
the virus was isolated. The patient was treated rigorously with sulfanilamide, 
with prompt abatement of the infection. Oliphant and liis co-workers (259) 
described' acute ophthalmitis in a laboratorj' ■worker exposed to the virus of 
lymphogranuloma. Pus from the conjunctival sac was inoculated intracerebrally 
in mouse brains with recovery of the agent. The suppurative process responded 
to sulfadiazine therapj’’, which was administered in doses of three grams daily 
for two weeks. 

3. Elephantiasis of the External Genitalia: Prior to the advent of the sulfon- 
amides, both patient and physician despaired of treating ulcerative lesions of the 
external genitalia. The small polypoid growths were removed surgically, but, if 
infection set in, necrosis of additional tissue often followed. Surgical excision 
was the only means of rclicr'ing suffering, and this was usually a temporary re- 
spite. In 1912, Ifampmcier (177) noted that in some cases of csthiomfcne 
rapid improvement followed the admim'stration of chemothornpj-. We have 
recently observed a patient with marked thickening and induration of the penis, 
in which we' suspected that a cicatrical process had occurred because the history 
extended back three years. The patient was given sulfathiazole, three grams 
daily for three montlis, during whicli interval he e.xperienccd relief of pain and 
urinarj' symptoms. 

If the lesion is of long duration, with infiltration and sclerosis, plastic repair 
is usually necessary. However, neither duration of sj-mptoms nor firmness of 
tissue is any indication of the axtent of fibrosis. Preliminary’ treatment with 
sulfonninides for several months Is desirable, and the degree of thickening and 
induration may thereby bo reduced. It is further recommended that drug 
thempy he mainlaincrl during the following operative inten’entiori for any lesion 
mvolvmg the axtemal genitalia. 
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4. Anorectal Complications: a) General Measures: Patients witli anorectal in- 
volvement usuallj’- exhibit varying degrees of malnourislunent and debilitation. 
This should be counteracted by supplementing the diet wth foods high in pro- 
tein and vitamin content. Additional vitamins are often valuable. Foods vith 
low residue should be used if possible to reduce irritation of the parts, and lubri- 
cating products added to the daily intake. Anemia should be combated vith 
ferrous sulfate. Not imcommonly the patient is depressed and discouraged, 
and needs assistance along these lines. 

b) Local Treatment: Bacon and Griffin (4) recommend instillation of 10 to 20 
cc. of a 25 per cent aqueous solution of ichthyol t^vice dailj^ to soothe the mucous 
membranes. Irrigations Avith hot water or weak potassium pemianganate and 
other mild antiseptics relieve tenesmus and act as cleansing agents. Applica- 
tion of 10 per cent silver nitrate or 50 per cent metaphen are of questionable 
value, but may promote healing of denuded bowel mucosa. Coutts (45) advo- 
cates 3 per cent sulfanilamide rectal enemas in a syrap 3 '- concoction. If stric- 
ture is present, 100 cc. of this is introduced above the ring by catheter, and a few 
drops of an opiate added to reduce tenesmus. After two weeks of this dailj’’ pro- 
cedure, diathermy and dilation are begim. 

c) Specific Therapy: In 1938, Shropshear treated 9 patients (329) with rectal 
stricture due to Ijunphogranuloma venereum with sulfanilamide. Sixty grams 
of the dmg were prescribed for a thirty day inteival. Proctoscopic study re- 
vealed that previouslj'’ denuded bowel was covered by healthy mucosa, and the 
granulation tissue had been largely replaced. Symptomatically, most of the 
patients reported lessening of tenesmus, mucous stools, rectal discharge, and 
bleeding. Two additional patients with discharge from colostomy sites im- 
proved. The same year, Shaffer and Arnold (325) obseived improvement in 
patients with this iiroblem. 

Hebb and his associates (150) from this clinic initiated intravenous therap}-- 
with sodium .sulfanilyl sulfanilate and sodium sulfanilate for 14 patients with 
rectal strictui’e. Treatment was continued from six to thirty-five weeks result- 
ing in cessation of local sj’-mptoms, improvement in general well-being, and often 
in absorption of the stricture and closure of fistulas. The explanation for the 
disappearance of the stricture depends on a proper understanding of the lesion. 
Much of the ring is composed of .superficial^'^ infected and edematous granula- 
tion tissue, which may be replaced by normal mucosa. Further studj' (149) 
revealed that in four cases subsequent proctoscopic visualization showed no 
evidence of stricture; 12 patients had 75 per cent return to normal bowel func- 
tion with an inconsequential fibrous band present, and 17 patients, or half of the 
group, showed various degrees of improvement with reduction in rectal s 3 '^mptoms 
•\rith slight or no change in the stricture. It is now the impression of these 
authom (149) that oral therapy is equalb' effective, and they advocate mainte- 
nance of sulfadiazine therap 3 '- from six to twelve months vath ding levels at 3-5 
mgm. per 100 ml. of blood. As an additional measure, the}' advocate dilatation 
of the ring 2-3 times wcekl}'. Palmer and his group (260) have reported some 
success with both intravenous and oral treatment, using the same dings used b}' 
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Hcbb. Proctitis witbout stricture may be entirely cured by continuous treat- 
ment u-ith sulfathiazole, 3 0 to 4.5 grams daily, according to Grace (111). This 
worker recommends shoit rest peiiods between courses of chemotheiapy, and 
during this interval he gives intravenous Frei antigen. 

Seidcnstein (318) has reported on the use of sulfanilamide given both orally 
and by enemas to patients ivith rectal strictures. Frei antigen was also given as 
an adjunct. In one case the stricture “melted” away entirely, yet reappeaicd 
in an adjacent portion of the rectum 21 months after cessation of therapy. In 
the four remaining cases of this series, all the patients have done well and surgical 
inten'cntion was unnecessary. It is the opinion of the author that the sulfon- 
amides are effective against the pyogenic secondary invaders, and because of the 
relapse in the first case cited, he suggested these drugs arc ineffectual against 
the Ijunphogranuloma virus. Sulfaguanidine is but slightly absorbed from the 
intestinal tract, and hence is of great theoretical value in treating intestinal in- 
fections. Canizarcs and Morris (31) induced improvement in G cases of rectal 
ulceration rrith this drug, but could not influence stricture. 

An illuminating study is presented by Levy (213) and his staff who compare 
the previous and recent methods of therapy. Among the former regimens, they 
include administration of intradermal Frei antigen and such surgical procedures 
ok dilatation and colostomy. If the strictures were above the recto-sigmoid 
junction a permanent colostomy was done with removal of the infected bowel 
in a fen c.ases. Dilatation or temporary colostomy uas done depending on 
the degree of obstmetion if the strictures were below this level The results 
were unsatisfactory in most cases with the above forms of therapy, although 76 
per cent of ISO patients treated required dilatation of the ring or more radical 
therapy. 

The more recent series consists of 1 18 patients treated almost exclusively with 
sulfonamides Only 4 subjects or 5 per cent of the group required dilation and in 
no instant was it necessary to resort to colostomy. The patients wore given 5 
gi ams of sodium sulfanilatc for the fii-st dose and then 1.5 grams daily thereafter. 
Within 3 to 4 weeks, the patients experienced amelioration of bowel sj-mptoms 
and improvement in gcneial health. The strictures decreased in size but if the 
rectal discharge peixisted, sulfathiazole was given in addition to the sulfanilate 
for a few days with immediate relief. These patients have boon treated foi as 
long as several yearn without serious manifestation of drug toxicity and with con- 
tinued well-being according to the authors. 

d) Surgical Procedures- Indications for operative intcncntion according to 
Bacon (3) include the following; constrictions that have failed to rc-spond to pro- 
longed chemotherapy, annular or tubular stricturas above the peritoneal reflec- 
tion, as d.av,ifie<l by Peyton (2G9), where obstmetion is impending. Bacon 
feels that complete eradication is the procedure of choice, once the decision 
to operate is made. He advocates the abdomino-pciiiical resection, prefcmbly 
done in tw o .stages. In the preliminary .stc]), a colostomy Is done, usually in the 
left inguinal position. In the finnl miuicuver, the perineal excision is cnrrictl out 
by removing the involvcil bowel with an adequate margin of healthy tissue above 
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the infection site. The author has performed this operation on 27 patients, and 
all are living and doing well. Morris (250) and Barker and Murphy (7) like- 
wise recommend this extensive surgical procedure. 

F. Evaluation of Treatment 

It is apparent from the foregoing that the final chapter has not yet been mitten 
on the successful treatment of this disease. The value of the sulfonamides can- 
not be overestimated, yet evaluation of these chemotherapeutic agents is not 
complete. From animal experimentation it appears that these drugs are viro- 
static rather than virocidal. ' 

There is a certain parallelism between the history of treatment of syphilis and 
of lymphogranuloma venereum. When ai-senicals were first introduced in the 
treatment of syphilis, it was believed that one or at most several injections would 
eliminate the infection. It is now recognized that disappearance of the surface 
spirochetes and of the initial lesions do not consitute a “cure.^’ The patient may 
remain infectious, and may subsequently develop manifestations of clinical 
syphilis. This suggests that proper interpretation of any therapeutic scheme ia 
lymphogranuloma will necessitate long periods of observation, vith re-examina- 
tion of the patient at frequdnt intervals. 

It is appropriate that we speak of “cure” in these infections using quotation 
marks to imply that the patient is clinically well rather than to imply complete 
eradication of the last remaining virus? Moore (248) describes a sj^hilitic pa- 
tient as attaining clinical “cure” when he exhibits no clinical evidence of the 
infection; as attaining serologic “cure” when his serologic tests for s}q>hilis are 
negative; and as attaining biologic “cure” when the last remaining spirochet is 
destroyed. The difficulties of arriving at the decision that a patient is unequiv- 
ocally “cured” are apparent. 

If the premise that a parallelism between these two venereal infections is 
justified, we must speak even more cautiously of “cure” in lymphogranuloma, 
since so little is now known about the natural history of the virus and the im- 
munologic reactions it induces in the human host. 

XT. SUaiMARY 

Lymphogranuloma venereum is a protean disease that, although obseiwed and 
adequately described over a century ago, first attracted medical attention only 
in the past thirty j’-ears, when the pathologic aspects were re-defined. Not until 
the introduction of a satisfactory diagnostic tool, the Frei test, did clinicians be- 
come fully aware of the scope of this venereal infection. In a relatively short 
time the etiologic agent, a mrus, has been isolated, its relationship to other human 
pathogens established, and a satisfactorj'- therapeutic regime -been propounded. 
At present, many clinical manifestations are ascribed to the causative agent, 
but from relatively few has the organism been recovered. There is no doubt 
that some of these entities will prove to be incorrectly associated mth this disease, 
and, in all likehliood, liitherto unexplained entities maj’" be shovm to be initiated 
by the agent. 
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1. iNTnoDocnox 

In his extensive study on birth injuries in 192D, F. R. Ford (1) pointed out 
that knowledge o( the inunediate effects of birth injuries is well established but 
“whon'we turn to the consideration of the late results of such birth injuries we 
find little exact information and the greatest difference of opinion.” Although 
almost twenty years have elapsed since this publication, it still holds true that 
"there does not seem to bo any general agreement among neufopathologi.sts 
about the late pathological anatomy of intracranial hemorrhages.” Ford’s 
publication came at the end of an era of great interest in the problem of birth 
injuries and summarized many valuable contributions whieh had preceded Iris 
publication (R. Pierson (2) 1923, Crothers (3) 1923, E. Holland (4) 1922, 
Schwartz (6) 1922, v Reu-ss (0) 1921, Ylppoc (7) 1919). These p-apeis added 
greatly to the knowledge of the mechanism of a birth injury and accumulated 
evidence that hemorrhages into the brain substance and the spinal cord play 
a major part as’eause of death. In spite of these papers, however, many people 
seem to believe that a child injured at birth will citlicr die or recover completely 
and very little is known about tire permanent damage to the nervous system 
which follows a birth injurj' in those children who survive. There seem to bo 
two main reasons for the present attitude. Many clinicians and pathologists 
think that congenital malformations arc of greater importance tlmn birth 
injuries and that most of the lesions which may bo found in mentally defective 
children are tlic result of a pathological prc-nahal development. It is true that 
if the niunber of mentally defectives ns a whole Ls considered, a majority of 
cases is due to faulty prenatal development. 

A clinic,al analysis of a material of 100 autopsies of mentally defectives, which 
was recently made by the author (8), has produced oridence tlmt in tl'io idiot 
group about 60% are due to congenital maUonnations but 30 to 35% do depend 
on vascular lesions developing at the time of birtli. In the imbecile group the 
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number of birth injmies amounts to about 8%, while it is impossible to deter- 
mine with any accuracy the number of high grade defectives injured at birth. 
A second reason for our lack of knowledge is the fact that no adequate method 
of research has been apphed to differentiate the cases of congenital malforma- 
tions from those due to birth injuiy. It is evident that many children of the 
former group are born under pathological conditions and that, therefore, a 
purely clinical approach would result in erroneous conclusions. In order to 
obtain satisfactory results, all cases of congenital malformations have to be 
excluded from such a study, even if sequelae of a birth injury are found in 
addition to the congenital malformation. Only an approach from various 
angles can render results which are beyond argument. It was the purpose of 
the following study to analyze a series of 100 autopsies of mentally defective 
patients after exclusion of all mongoloids, to deteimine the late effects of an 
injury at birth. 

The term “birth injiu-y” refers to aU kinds of injury to the nervous system 
sustained in the process of birth. It is evident that the term does not imply 
any application of instruments or any faulty management on the part of the 
attending obstetrician. The term merely includes all cases showing evidence 
that some extrinsic factors related to the passage of the baby have interfered 
and produced results which affected the further development of the nenmus 
system. 

II. SELECTION OF CASES 

In view of the fact that it is hard to establish a birth injury as a causative 
factor many years after birth, a special method had to be adopted for the selec- 
tion of cases. The criteria used in the selection of the material may be sum- 
marized as follows: 

> 1. Hereditary: 

a. All patients had normal parents and a negative family history. 

b. All children had normal siblings and were the only mentally deficient 
members of the family except for those few with no siblings. 

2. Clinical: 

a. The physical examination of these children revealed no malformations 
or developmental disorders which would suggest a pre-natal disturbance. 
Early malformations rarely occur singly and a multiplicity of malforma- 
tions strongly suggests pre-natal factors. The only abnormality found 
was that of a neurological character of central origin. 

b. Examination at the time of birth ivas apparently negative and no signs 
of microcephaly were present at that time. Microcephaly, if present, 
was evidenced in the majority of cases by a skull circumference of 
between 17 and 19 inches, indicating an arrest of development several 
months after birth. The circumference was never below 14| inches. 

3. Pathological: 

a. Examination of the brain and spinal cord showed maturity of the 
central neiwous S 3 ’’stem. No signs of pre-natal developmental dis- 
orders were fomxd. 
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b. The character of the lesions in birth injuries was such as to indicate 
that they were either the consequence of vascular incidents and de- 
pended in their distribution upon vascular patterns, or were caused by 
extrinsic agents which produced patchy devastation while the un- 
affected tissue was essentially negative. 

III. P.VTIIOLOGICAE TYPES 

By the application of the criteria above mentioned, twenty four cases have 
been found in a materi.al of 130 autopsies of mentally deficient children of 
various types which conformed to the standards previously set. 

Tlic lesions found in these cases may be divided into three groups. Group I 
Mantle Sclerosis, Group II Cystic Degeneration of the Brain, Group III Diffuse 
Patchy Devastation; 

Group I. Mantle Sderosis 

This condition is also known imder the names of granular or parchment 
atrophy of the bnain, sub-cortical encephalomalacia, sub-cortical porencephaly. 

The Icsiion in the brain consists of a degeneration of the cortical layers' with 
necrosis of the sub-cortical white matter. The white matter may prc.«ent a 
status spongiosus in which small sub-cortical cysts arc sometimes found. The 
gray matter is devoid of nciwc cells which are replaced by gliosis. The Icpto- 
meningcal covering of the affected areas is greatly thickened. The subarach- 
noid spaces are fibrotio and contain enlarged vessels suspended in the fibrous 
meshwork. Tlio pia is greatly thickened and tightly fused with the gllotic 
cortex. There arc areas of calcification and residuals of old and more recent 
hemorrhages. The condition may affect parts of one lobe, or a whole lobe or 
even one hemisphere. The condition is asj'mmetricnl, but may be bi-lateral. 
The distribution of the Ic.sions indicates that thch development depends upon 
Ic.sions of the vascular tree. In some case.s occlusion of branches of the main 
arteries is the cause. In some cases, venous thromboses and sinus thrombosis 
are suggested ns causes. In at least three of five cases under .study, the sagittal 
sinus was found fibrotio and obliterated with no or little canalization. 

Data on To c cases of mantle sclerosis arc civcn in Chart 1 . more ilctailcd description 
of Case 3 may scn'c as a demonstration for the whole group. 

Hoth hcmisjihorc.s rovcalcil destruction of the occipital poles. In the left hemispheto the 
destruction a a-s restricted to that area while on the right aide the central region and parietal 
regions were also involved and destroyed to a large extent. Thecorlcv apjicared shrunken, 
most of the nerve colls de.stroj ed and the remaining cells clustered together in .small i.stands. 
■rhi>se islands were oeiiaratcd from each other hy strands of ingrowing me.senchjmal tear 
tissue and glia strands. The wliite cores of the. slwunkcn convolutionB were spongy-like 
with most of the axis cylindera and myelin shealiis tlc-stroyed. Parts of the white matter 
«ho.ved definite cavity formation with mesenchymal organiration and glia mcshworlc at the 
edge of the c.ivities. More centrally thn white matter appeared dcmyelinatrd and showed 
•a great increase in glia. The vessels showed pcrivaascular fihrosla with some round cell 
infiltration in the perivascular spaces. The cavities were filled with gitter cella whieh 
appeared mulbcrry-hko in the Nissl stain, hut showed a definite cell ehanicter in idioapho- 
tungstic acid stain. 

In this case, the lesion followed the distribution of the left posterior cerebral artery and 
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the right posterior and medial cerebral arteries. Only those parts of the right hemisphere 
were preserved which were supplied by the right anterior cerebral artery. In this case the 
sagittal sinus was not obliterated. 

The right putamen showed a status mannoratus. This observation is of special interest 
for the pathogenesis of this much discussed condition. It may be remembered that in 1928 
R. Morrison (10) found in dogs, whose cortex was removed experimentally, that the under- 
lying basal ganglia developed status marmoratus. The lesion in Case 3 resembles Morri- 


CHARTl 
Mantle sclerosis 
(Pathology: Group 1) 


CASE 

NUMBER 

XtENTAL 
STATUS AND 
SEX 

AGE AT 
DEATH 

BIRTH 

EPILEPTIC SEIZURES 

CLINICAL SYMPTOMS 

1 

(3/11) 

Idiot 

M 

yrs, 

15 

One of twins. 
Breech presenta- 
tion. 

Six cotivulsioBB at 18 
months. 

Listless. Helpless. NcTCr walked 
or talked. Purposeless motions 
of liands. Boiled head. 

2 

(41A5) 

Imbpc. 

M 

18 

Six wks. prema- 
ture. Instru- 
mental. Cere- 
bral hemorrhage 

3 dajTB after 
birth. 

Not reported. 

Slow development. Spastic para- 
plegia of logs. Slurred speech. 
Jlicroeephaly (171*). 

3 

(42/98) 

Idiot 

F 

13 

Full term deliv- 
ery without 

physician. 

Two days after birth, fits 
for 10 days. Crying 
spells. After 6 months, 
return of convulsions. 
Epilepsy at irregular in- 
tervals. 

Spastic paraplegia of legs. Help- 
less bedridden. Osteomalacia. 
Microcephaly (ITi*). 

4 ' 

(43/100) 

' Imbeo. 

M 

i 

22 

Full term, one of 
twins, other 

died. 

Convulsions for several 
days after birth. 

Bight hemiplegia. Temper tan- 
trums and epileptic seizures at 
irregular intervals. Slight mi- 
crocephaly (194"). Strabismus. 
Partial optic atrophy. 

6 

(43/109) 

Idiot 

F 

m 

Full term, instru- 
mental. 

9 days convulsions at ago 
of 10 months. Some 
generalized some more 
unilateral with twitch- 
ing of right face, arm, 
and leg. Crying spells 
and epileptic seizures at 
irregular intervals. 

Opistotonus, spastic extremities, 
helpless. Slight microcephaly 
(ISl*). Ventriculogram: dia- 
lated ventricles with large defect 
in the right parietal region. 
Epileptic seizures in increased 
number with progressive mental 
deterioration and increasingspas- 
ticity. 


son’s observations and it seems as if Nature has repeated Morrison’s experiment by natural 
destruction of the cortex through occlusion of the medial cerebral artery. 

In addition to the findings described above, large areas of calcification were found in 
the sub-cortical layers. Besides the reactive inflammatory round cell infiltration in the 
white matter there was no indication of encephalitis in this case. Cascs'4 and 5 which are 
mentioned in Chart I showed more evidence of inflammatory brain disease. In these cases 
leukocytes and lymphocytes were found in the perivascular space and in the leptomcninges 
plasma cells were also present. This seems to indicate that the condition was cither com- 
plicated by encephalitis which had developed sometime before death, or encephalitis may 
have been a major factor. A similar picture, as seen in Cases 3, 4 and 5, has been described 
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bvH H Noran (22), andNoran considers the pathology as so typical of equine encephalitis 

tLt he thinks the diagnosis may be made n-ithout further opidemiolopcal evidence. The 
pathology is also similar in some points to that found in toxoplasrmc encephalomyelitis 
which has been thoroughly studied by Abner Wolf (23) and co-workers m recent years. 

In some doubtful cases the pathologists will, therefore, not be able to determine the 
share which trauma or encephalitis played in the production of this typo of pathology. 
There is, however, evidence that mantle sclerosis can occur without encephalitis due to 
trauma and occlusion of the superior sagittal sinus. 

Grnip 11. Cystic Degeneralion of the Brain 
This c,i»dLtioo. has baaa. desccihad uadcr the names of central porencephaly 
(Schwartz), encephaloclastic porencephaly (Jakovlev (9)), false porencephaly 
and central encephaloraalncia. 


CHART 2 
Cystic degeneralion 
(Pathology: Group 2) 


tMT 

kcubck 

UUNTAl. 

AND SXX 

ACE AT 
DFATH 


EPIEEPTIC SEirOWlS 

1 

CtINICAL SYVPTOaS 

6 

07/3) 

Idiot 

r 

yrt. 

3 

Full term. 7Jlbs. 

' GenrroUaed clonic, lonJc 
ftlR at 9 mo&tbs. 

Bpnstle paraplegia of arms and legs. 
CrasplnR poeilion of right band. 
Microcephaly (17|0. 

7 

(33/18) 

Idiot 

r 

2 

Prolonged hl>or, 
I‘rolarw<fd cord. 
Aspbioia. lit- 
tle breathing for 

3 bra. Foroepo 
dellwry. 

Grand mal and petit mal | 
at least after ago of 8 
mootbfl. In IfiBt year, 
daily. 

Slight sputirity of arms and legs 
l8t Tsk. after birth. High 
pitched crying. Feeding pro- 
Icm. Contracted pupUs. Rem- 
orrbagos Into eyeballs. Nj-atag- 
tnus and progresaire decerebrate 
rigidity. Microcephaly (MJ'). 

8 

(41/78) 

Idiot 

M 

4 

Instnimental. 3- 

Slbs. 


ProgTcaalxo paraplegia of arms and 
legs with progreas{« decerolirato 
rigidity. 


The condition is characterized by the formation of cystic cavities in the 
central white matter (Plate 2). Tlic cortc.x and the white cores of tlie convolu- 
tions are primarily not involved. Tlie cysts are formed outside of tlie basal 
ganglia and in the beginning are not in convmnnieation w-ith the ventricular 
system. Only after largo p.arts of the central white matter have been destroyed 
may they break through to the ventricular system. Then some cavities appear 
in communication with the ventricles. The cysts vary greatly in size and arc 
filled with a meshwork if they are. small. In larger cysts, however, the cavity 
shows only few fiber strands and tho cavity is filled with a clear fluid. The 
c.avdty wall contains numerous glia cells but the glia wall is not very’ strong and 
Ls likely to break dovm gradually. In this way progressively larger cnvdties arc 
formed and a whole lobe may be destroyed, leaving a cyst covered by greatlv 
thickened leptomcningcal membranes. In this stage tho cortical architecture 
i.s destroyed, but remnants of gray matter may stUl lie recognizable. 
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This type of lesion is not related to any particular vascular patterns, but seems to depend 
upon ischemic necrosis. It is still a matter of argument whether long lasting asphyxiation 
at birth alone can produce the ischemic necrosis of the v/hite matter. The histories of some 
cases suggest asphyxiation as a factor of main importance. Some authors feel tkat crushing 
of brain tissue is to be postulated as .an additional factor. The condition is one of early 
infancy and it is not found in older children after the brain h.as matured and myelination of 
the white matter is far advanced. In older cliildren only small, single cysts may develop 
after injuries of various kinds. On the other hand, cystic degeneration is not found in still- 
born babies or new-born infants who die from a birth injury immedi.ately after birth. The 
earliest time when cystic cavities may be discovered seems to be four weeks after birth. 
This indicates clearly a relationship between this condition and birth pathology. 

Spatz (21) has suggested that the cavities are due to the fact that the infant’s brain is not 
able to produce a sufficient glia reaction. A microscopic study of the brains, however, sug- 
gests that the inability of the glia to react may be due to the extent of damage in which all 
tissue elements are involved to the same extent. It seems to me a simpler explanation to 
assume that the amount of damage and the suddenness of the onset in the traumatic lesions 
leads to a complete destruction of all tissue elements with resulting edema and accumulation 
of fluid. If parts are less damaged they show glia reactions and the walls of smaller cavities 
are frequently formed by glia tissue. 

Although we have seen that in the first group small sub-cortical cysts are found, the 
“cystic degeneration of the brain” (encephaloclastic porencephaly) represents a separate 
pathological entity, the lesions of this group being quite different from those of the first 
group, as described. 

Cystic degeneration is represented by three cases which are summarized in Chart 2. 
These three cases show different stages of the same condition and it seems as if the three 
children who died at an age of two years, three years, and four years, respectively, show the 
different stages of the same process according to the length of time of progress. Case seven 
showed numerous small cavities with confluence of smaller holes, but in no place had the 
cavities assumed the size of a whole lobe. The cysts were placed mainly beneath the Insular 
cortex and in the centrum semiovale. The lateral ventricles were somewhat enlarged. The 
cortical architecture was little involved. 

In case six the cavities which were placed in exactly the same position had developed to 
large holes which had destroyed the cortex and filled large parts of the temporal lobe and 
smaller parts of the frontal lobes. The process was present on both sides but to a different 
extent. The cavities showed a meshwork of fibrous trabeculae which crossed them and 
they were filled with a clear fluid. The brain did not appear collapsed when viewed from 
the outside at autopsy, but collapse of the cavities occurred as soon as the wall was opened. 

The eighth case which seemed to be the most advanced showed complete destruction of 
both hemispheres. The basal ganglia were covered by membranes which contained only 
small amounts of brain tissue. The ventricles were enlarged and the walls between ven- 
tricles and cysts completely destroyed. Between the leptomeninges and the dura there was 
also a large space filled with fluid. 

Group III. Diffuse Patchy Devastation 

This condition has not yet been described as an entity resulting from birth 
injuries. The condition is characterized by diffuse patchy devastation of the 
cortical layers, vasoparetic cortical congestion, leptomeningeal fibrosis, brain 
atrophy vuth enlargement of the lateral ventricles and areas of central necrosis 
and demyelination. The condition is frequent^ associated vuth a status mar- 
moraius foimd in parts of the basal ganglia and even in parts of the cortex. 

The cortical lesions were often associated with small areas of necrosis and 
cystic degeneration near the ventricle walls. The localization of these areas of 
necrosis is related to the venous system about the basal ganglia. Plolland (4) 
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and Schwartz (5) have demonstrated a connection between these lesions a 
the drainage of the brain into the great vein of Galen. The particular cou 
of this vein renders it vulnerable to stasis, retrograde congestion and tear!] 
with resulting multiple hemorrhages in the region of the tributaries of the 
temal cerebral veins, especially the terminal veins and the vems along 
thalamus and caudate nucleus. The hemorrhages load to sub-ependyr 
necrosis with consequent enlargement of the lateral ventricles and atrophy 
the basal ganglia. 

The case of n pnticnl (« 16), Cliart 3, who reached an age of 23 years may be roost sui 
to describe the patbologicat Hndings in Ibis group. The patient developed convulsion! 
the age of 5 weeks. The girl did not learn to walk before the ago of 7 years. She could f 
lierself hut did not talk. Uer gait was always unsteady and hesitant. At 13, she ag 
developed epileptic sciaures and cryingspells whicli were regarded as epileptic equivalei 
She died in an epileptic status. 

.\ series of coronal sections through the brain (I’lntc 4) revealed at the level of the ai 
rior couimissuro that the ventricles were asymmetrically enlarged. The right cami 
nucleus was much smaller than the left and the suh-cpcndymal tissue was necrotic along 
ventricle wall. The tissue showed small cysts divided by a fine mesh work; the lermi 
vein and smaller tributary vessels were greatly enlarged and suspended in the meshwt 
The capsulo interna was intorruiilcd and partly blotted out. On the other side there 
sub-ependymal necrosis with stasis of the terminal vein but to a lc.ss c.vlCDt. Anol 
section at the level of tlie columns of the fornix showed evtonsivc sub-ependjnnnl nocr 
on both sides with interruption of the intenial capsule at its ventral end. In anol 
section through the niammillary bodies, a rather largo sub-ependymal cyst was fo 
beneath the wall of tlie left latcr.al ventricle and above the third ventricle. 

These observations demonstrate clearly that the lesion in this ense was duo to isehemi 
hemorrhagic ncctosis similar to that seen in the previous group, hut more dilfuse in chai 
ter and less extensive. From tlic obscrvntiou of the basal ganglia the cortical lesions 
more easily understood. There was extreme congestion with dilatation of the capilla 
and stasis in the larger vessels. The cortc.x showed innumerable small areas of dcvastai 
and necrosis. The white matter showed spots of hypcrmyelinntion. (Plaques myoliniqi 
Sixteen similar cases arc recorded in Chart 3. 

IVith the exception of four cases, in which the birth history was non-contributory, 
cases had a rather uniform story with only plight variations. Such a history is given in 
following ease (#22). Both pareals of the child were young and healthy people. ' 
patient was a first child, and there were two smaller siblings, both normal ; no misearrit 
or stillbirths. Our patient was horn at full term by instrumental delivery after long last 
labor. It was cyanolic and said to have been comatose tor a whole week. A series of < 
viiisions was observed in the first 24 hours. The child was a difficult feeding problem ti 
whole montli, and she did not ciy or make any noises for two montlis. During that time 
was not expected to live, but slie improved gradually. When, however, the time came 
her to sit up, move around, an<l start to talk, it was observed that she did not make i 
attempt of that sort or take notice of her surroundings. Her muscles were tlahhv, nnd 
« as listless. .\ imeumo-cnccphalognim made at an age of 2 yc.ars slioned bilateral cnlar 
ventricles, nnd eonsidcrahle amount of air above the convexity. She never leanicd to I 
or to W.slk; she was an nltrnetive, nice-looking little girl, who needed tlio care of a sn 
li.ahy. At an age of 4 years, the suddenly dewloped sto(ii,t rpilcpIicM and died without 
covering from that state. 

The convointionni patterns appearcil norro.M. hut the conx'olutions were slightlv Ihitte 
through pressure ntid the, culei, even the SyUdon fi.«suri-“ were closed through pressure ; 
•some fihrotic and gliolic bridging hetween adjacent emivolutions. An epidural organ! 
Wood clot was tound in the occipital region. Tl.e lateral ventricles appeared slightlv 
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larged. The corpus callosum was thin and the white matter as a whole not well m5'elinated. 
There was the same type of diffuse patchy degeneration, spread all over the cortex which was 
described in case 15. 


CHARTS 

Patchy cortical devastation 
(Pathology; Group 3) 


CASE 

KU1C3ER 

MENTAL 
STATUS 
AND SEX 

AGE AT 
DEATH 

BIBTH 

EPILEPTIC SEIZURES 

CLINICAL SYMPTOHS 

s 

(37/4) 

Imbeo. 

M 

yrr. 

15 

Full term? Long 
bard labor. 31 
pounds. 

None 

Hight Hemiplegia. Hypotonia, 
Bulbar paralysis. Unsteady gait. 

10 

(37/5) 

Idiot 

JI 

211 

Full term. Pro- 
longed. Instru- 
mental. 

Periods of stertorous 
breathing. Died in 
epileptic status. 

Stiffening of muscles. Bleeding 
from nose and mouth after birth. 

' Mobile spasticity of legs. Never 
walked. High pitched, shrill 
crying. 

11 

(37/9) 

Idiot 

F 

7i 

Full term "Blue 
babr,” 

After birth attacks of cy- 
anosis with stiffening of 
whole body, vomiting, 
and high pitched crying. 
Later epilepsy. 

Clumsy glut. Hyperactive reflexes. 
Purposeless motions of arms and 
hands. 

12 

(38/16) 

Idiot 

F 

1 

6 

Caesarian section. 
Asphysiation. 
Resuscitation 
with difficulty. 
Slbs.Oors. 

EpHcptio seisures at irreg- 
ular intervals. 

1 

Little crying first three months. 
Never walked or talked. Tremor 
of head. Peculiar arm move- 
ments, Anisocoria. X-rayshow- 
ed enlarged ventricles and exces- 
sive air. 


Idiot 

F 

16 

Caesarian section 

Up to 32 fits per month, 
since age of seven years. 

Strabismus. Unable to hold up 
head. No speech or gmt. Hy- 
peractive reflexes; purposeless 
movements. 

14 

(38/21) 

Idiot 

M 

I ^ 

... 

High forceps. 

Prominent cap- 
ut succedaneum . 
Resuscitated 
with difficulty. 
61 lbs. 

Difficulties in swallowing 
at six months. SpeUs of 
vomiting. 

Infantile spastic paralysis of legs. 
Hands atonic. Motions atactic. 

15 

(38/30) 

Idiot 

F 

23 

“Normal” 

Convulsions at 5 wrecks, 
again at 2 >ts.» and since 
age of 13 yrs. Died in 
status epilepticus , 

Slow development. Infernal 

strabismus. Anisocoria. Never 
talked. Unstcadygait. 

16 

(40/52) 

Idiot 

F 

12 

Premature. In- 
duced by bagging 
on accoimt of 
high blood pres- 
sure. 

At age of 0, convulsions, 
and again at irregular in- 
tervals since age of 1 1 . 

Asymmetrical facies. Hyperactive 
reflexes. Awkward gait, walking 
on her toes. Shaking of wrists. 

17 

(46/78) 

Imbeo. 

F 

3 

■ 

Sudden death withcjuno- 

£15 

Retardation. Listless. Unable to 
sit up. Alternating internal 

strabismus. Sluggish light reac- 
tion. Anisocoria. Hyperactive 
reflexes. Head circ. 18) 
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CASX 

KUU8ES 

ME-MTAt . 

status , 

ANft SZX 

tet AT 
DEATH 

8IKB 

Erniwte sEituREs 

ctiNicAL swirrous 

18 

(42/83) 

Idiot 

M 

yrs. 

19 ] 

ruU t«rtn rapid 
latxjT lasting 1 hr. 

ConTulsioQS Ist yr. of Ufo. 

Difllciiltiea in nuramg. Listless. 
Slow. Njatagmus. ‘'Cataracts” 
of both eyes. Unsteady gnlt. 

19 

(42/93) 



Full term instru- 
mental, high for* 
cepa. 18 bra. 
labor, lAccra- 
lions of faeo and 
forehead, de- 
pressed alcuU. 

None 

Slow development in first year. 
Idatleas. Unable to tM up. 
Never walked or talked. Soiled 
bed and clothing. Flabby, atro- 
phic arms. Valgus position of 

1 feet. MobQespssmof legs. 

20 

(43/lOtJ 

Moron 

M 

£4 

Premature, after 
accident to mo- 
ther. Faceprea- 
eniallon. For- 
cepB dclircrj'* 
Skull deformed. 

None 

Retardation. Restless. Dlstrao- 
(ible. Behavior problem. Skull 
indentation and defect in child- 
hood. Operated by nerve sur- 
geon. 


Idiot 

M 1 

2911 

Normal, full term. 

Several convulslooe in 
early We. 

No talk, destructive idiot, Head 
well formed (231) exeentria 
pupils. 

22 

(is/m 

Idiot 

F 

4A 

Full term, long 
labor, liutru* 
mental. 

Cyasotio and comatous 
for week. Convulsions 
for 24 bra. after birth. 
Feeding problem, dllB- 
cuUiee in swallowing. 

Feeding problem 1 month, no 
noises for 2 months. Never 
walled or talked, motionless, 
fiaecid. Btrablsmus, optie 

atrophy. Head avymctrical 
(is!). Mobilespasm. 

23 

(43/113) 

1 

J3A 

Full term, inatru- 
menlal, •'consid- 
erable trauma 
to head with 
molding. fac« 
and bead laidly 
cut." 

Not reported. Enocked 
bead against crib and 
floor. Attacks of 

screaming and abnorma] 
breathing. 

rreding problem. No walk or talk 
before 5. Learned walking after 
fi. Strabismus. No speech. 
Tics of head, tremulous motions 
of hands. Head cireumferenco 
normal. 

24 

(43/117 

Iinbeo. 

) M 

32, S 

DiCtcuU blrtb, 
breech presenta- 
tion Instru- 

mental. 

Frequent falntlag spells 
writh loss of eonscious- 
ne» for ) hour. Bios 
breathing, stopping of 
heart sounds. 

Facial aaj-mmetry, strabbmus. 
Head eirt. 19.8*, queer shaped. 
r PlOBis. 

. 


IV. ETIOLOGICAL FACTORS 

Since the syndrome of birth injury accounts for 30% to 40% of the severe 
cases of mental deficiency occurring in families who could ordinarily expect 
normal offspring, it is imperative that the physicians acquaint themselves 
thoroughly with the paUiological and clinical features. 

A consideration of the modes of birth most apt to cause injury indicated tliat 
every typo was represented in the case material. The following list shon-s the 
incidence of Uic various types of births among the cases. 
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Prematurity 

Breech presentation 

Prolonged labor 

Full term rapid labor .... 

High forceps 

Caesarian section 

Normal without comment 

Full term blue baby 

One of twins 

.26 

Twenty six different modes were observed in twenty four cases due to the 
fact that in some cases two factors were present simultaneously. 

One case of breech presentation was one of t^vins. 

In the first case of prolonged labor (7) the child had a prolapsed cord and 
asphyxiation. As a result, the birth had to be forced and accomphshed hur- 
riedly by forceps. It took several hours to resuscitate the asphyxiated child. 
The second child uuth long hard labor was born vdth a birth weight of 3§ pounds. 
The third case manifested severe difficulties at birth and was bora with a promi- 
nent caput succedaneum. This patient was resuscitated only with great diffi- 
culty. The fomth child w’as dehvered by high forceps after eighteen hours of 
unsuccessful labor. She had lacerations of the face and forehead, and a de- 
pressed skull. 

In one of the cases of Caesarian section the operation had been performed only 
after many hours of unsuccessful labor, and the child -was born asphyxiated; 
there W'as considerable difficulty in resuscitation. In the second case of Caesa- 
rian section no information W'as available. Clifford (11), in his study on “The 
Effects of Asphyxia on the New-bora Infant,” has pointed out that Caesarian 
section is performed in order to save a child who is asphyxiated even before 
entering the birth canal. His study included eleven new-bora infants. All 
had been dehvered by Caesarian section because of fetal aiTo.xemia produced 
by the separation of the low^-attached placenta- previa accompanied by active 
hemorrhage just prior to birth. It is therefore not the operation which is a 
specific danger to the child, but the condition in which the child is pre\dous to 
deliverj’^. 

As long as birth injuries were considered the result of mechanical injuries, 
their cause \vas sought in the administration of forceps, and the possibility of an 
injury in the coxuse of a natural birth without forceps xvas barely considered. 
It has, however, been increasingly recognized that the use of a forceps in itself 
rarely causes a birth injur 3 ’-, except if a high forceps had to be used under ad- 
verse conditions. The efforts of many investigators have collected exddencc as 
to the various etiological factors which ma}'^ briefly be survej^ed in the follow^ing. 

Prematurity 

There is an accumulation of evidence to show that prematurity is one of the 
main factors in neonatal death. A definite relationship has been established 


Cases 

4 
2 

5 
1 
5 
2 
4 
1 
2 
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between the wciglit of the newborn and the percentage of intracranial hemor- 
rhages found as the cause of neonatal deaths. Arvin Ylppoe (7) has made such 
a correlation chart which is seen below. Of those children with a birth weight 
of less than three pounds who died of unknown causes, 90% showed the presence 
of cerebral hemorrhages. In the group of premature babies with a birtli weight 
below four pounds, intracranial hemorrhages were found as the cause of death 
in 70%. The percentage decreases proportionally with increase in birth -weight. 

In a recent paper by S. Z. Levine and H. A. Gordon (12), “Phi-siologic Handi- 
caps of the Premature Infant” a very clear summary is pven concerning the 
condition of the premature child. These autliors quote the figures prepared 
by the Children’s Bureau on neonatal mortality in the United States, which 
showed that prematurity contributed with 47% to neonatal deaths, representing 
the greatest single item among the various causes. Injury at birth follows 
second with 14%. 

Premature birth constitutes a danger to the child for two reasons. The 
organism of the mother is not j'et ready for the birth act. As a consequence, 
lack of elasticity of the tissue and its inability to yield to the passage of the 

CHART 4 


IMatiowhip belaeen birlh wdshU and /rcjiicnc)/ of intracranial hemorrhages in premature 
babies according to A. Ylppoe 


JJttTn WKIGHT 

NirUDEft or CASES 

HSUOItBACES 

peEcs>rTACC 

Below 1000 gr 

20 

IS 

90 

1001-1500 gr. . 

51 

30 

70.5 

1501-2000 gr 

17 

0 

35.3 

2001-2^ gr. . . 

15 

4 

20.7 


child increase the pressure upon the child to a considerable degree. In addi- 
tion, the child himself is for less prepared to resist increased prc.ssure than is a 
full term baby. The ossification of the skull is tes advanced; the brain tissue 
is softer and less myelinated; the ncn-c centers are le.ss mature; and the response 
to stimuli is diminished. The blood vessels arc immature and far less able to 
resist congestion and increased pressure. Slight degrees of tearing will lead to 
rupture of the vc.sscl.s and increased bleeding, a condition which is aggravated 
through the fact that the blood h.as less capacity to coagulate. Hemorrhages 
and aspliywiation not only occur more easily in the premature child, but ho i.s less 
well-prepared to cope with any adverse condition, and both of these factors 
reduce his prospects for life and health. As the main handicaps of the pre- 
mature baby, Levine and Gordon oiler Chart 5.‘ 

Abnormal positions 

As second cause of birth injury, abnormal positions of the child should l>e 
recogniml. It h.a.s l)een known for a long time that a transr-erse position which 
' Amer. Jour. Dis. Child., Vol. 01, p. 275, AuRUat, 1012. 
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demands version is dangerous. But the fact that breech presentation is also 
extremely hazardous to the child has been realized to a lesser extent. In breech 
presentation the blood is squeezed from the body towards the head so that the 
head enters the birth canal in an extremely congested condition while under 
normal conditions the blood is squeezed out of the brain into the body. It is 
clear that the tightly filled vessels of the head in breech presentation readily 
produce rupture of the vessels with ensuing hemon-hages. The vessels suffer 
extreme enlargement, sometimes beyond the limits of contractility, and the 
relaxed hyperemic vessels are unable to regain their tone immediately after 
birth. The presence of long-lasting stasis with its malnutrition of brain tissue 
causes midtiple necrosis and perivascular softening. This condition is aggra- 


CHART 5 

Handicaps of the premature infant 


PHYSIOLOGIC HANIPESTATIONS 

PATHOLOGIC EXAGGERATIONS 

1. Difficulties of respiration 

Asphyxial attacks, aspiration pneumonia 

2. Difficulties of circulation 

Cyanosis of extremities, edema 

3. Faulty control of body temperature 

Hypothermia and hyperthermia 

4. Diminished alimentary tolerance 

Gastrointestinal upsets 

5. Increased capillary fragility 

Hemorrhage 

6. Impairment of renal function 

Dehydration and acidosis 

7. Inadequate antenatal storage 

Rickets, scurvy, anemia 


Infections 

Minerals and vitamins 


Immune substances 


8. Defective hemopoiesis 

Anemia 

9. Hepatic immaturity 


Bilirubinemia 

Jaundice 

Hypoglycemia 

Shock 

Hypoproteinemia 

Edema 

Hypoprothrombinemia 

Hemorrhage 

10. Increased content of body water 

Infections, edema 

11. Incomplete development of enzyme sys- 

Absence of creatinuria, faulty metabolism 

terns 

of aromatic amino acids, impaired for- 


mation of hemoglobin 


vated by the fact that the umbilical cord is frequently compressed between 
head and pehds for the whole period in which the head has to pass the birth 
canal. If the birth is slow, the compression of the cord may last for a consider- 
able time, during which the circulation of the brain is virtually stopped. 
Obstetricians have learned to watch the heart beats of the child and to acceler- 
ate birth as soon as the heart is imperiled, but as long as the heart pulsation is 
maintained at all, and birth seems to progress in a satisfactory manner, the 
malnutrition of the brain is considered a factor of secondary importance. Kecent 
experiments, however, have promded evidence that an interruption of circulation 
as short as three minutes and twenty five seconds may sufBce to damage nerve 
tissue beyond repair. Although the new bom brain may be more resistant to 
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asphyxiation, it is not surprising to find that breech presentation may produce 
damage in spite of the fact that children bom by breech presentation frequently 
show very little malformation of the head and axe bom in bettor condition than 
children with the head first. 

A last factor in cases of breech presentation is the fact that the exposure of 
the body to the air may stimulate the beginning of breathing before the head is 
completely delivered. Aspiration of foreign material causes many neonatal 
pneumonias, which represent a grave danger. 

Long-lasting birlh 

The dangers of a long-lasting birth are represented in the fact that after 
mpturc of the bag thq,head of the child is pressed against the pelvis and cervical 
ring, while the pressure upon the body of the child is a different one. Schwartz 
(5) has put special emphasis upon the pressure difference and has attributed a 
great number of cerebral injuries at birth to “low pressure-suction." He goes 
so far ns to find some relationship between the point of intracerebral hemorrhage 
and the part of the head which advances first. 

The intrauterine pressure exercised by the contraction of the utems is, accord- 
ing to Schwartz, 10 to 15 mm. Hg before the water bag mpturcs. During the 
period of expulsion the contractions of the uterus and of the abdominal muscu- 
lature represent a pressure of 80 mm. Hg, but in some births the pressure wliioh 
is (Hicrcised upon the body of the child and the pressure to which the head is 
exposed at the entrance to the birth canal is equal to the weight of twenty-four 
Idlograms (53 pounds). He also attributes great importance to the pulling 
effect of suction during the birUi action, which increases tlie deformity of tho 
fetal skull. The caput succedaneum is tliought by Schwartz to be due to the 
pressure difference; veirous intraoraiual hemorrhages beneath the birth “tumor” 
arc frequent. 

Although Schwartz has put groat emphasis upon tho suction theory, it has 
not been generally accepted, and it certainly represents only one factor within 
a more complex chain of events. Rydberg (13) points out that there is a high 
incidence of bleedings into tho brain substance, meninges, and ventricles, but 
tliat “as a rale the most minute investigation docs not reveal the source of the 
bleeding. They appear to be multiple in origin, and everything indicates that 
they are duo to a more generalized vascular strain and not merely to an impedi- 
ment in the venous efflux of limited vascular regions." (p. 93). Ho refers to 
Cushing’s experiments and says “that it is possible to produce vascular lesions 
and bleedings if tho intracranial pressure is brought up to a high level and tlicn 
rapidly reduced. Tiro animals then succumb, shorring tho usual symptoms of 
par.aly.sis, — dccrc.'iscd blood prc.ssure, accompanied by rapid and small pulse; 
and autopsy shows the brain substance to be dotted with capillary bleeding.” 
Rydberg, applying the results obtained from c.xperimontal physiology to tho 
fetus, thinks tluit tho compression of the head, when tho head is engaged, is fol- 
lowed by “increa.ring intracranial pressure, which brings about a rise in the 
blood pies-suro.” Consequently the cranial compression docs not cause any 
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mechanical strain upon the vessels; the equilibrium between intravascular and 
extravascular pressure is only disturbed if there occurs a sudden fall in the 
intracranial pressure. This may happen at the moment of the cessation of a 
pain if the fetal blood pressure is raised to a high level. 

A stronger effect of the same sort results on sudden changes in the elastic 
counter-pressure of the walls in the birth channel when the head rapidly passes 
from a narrow to a wide part. Such a situation is encountered, for instance, 
in the case of a contracted pelvis and violent pains, when the head, as it some- 
times does, moves veiy rapidly down into the pelvic cavity after a maximum of 
compression in the pelvic inlet. 

In breech deliveries the still unmoulded head is sometimes dravm violently 
through the pelvis. In such cases a veiy abrupt compression of the head takes 
place, immediately followed by a relaxation of the external pressure. 

“Cases of that kind are obviously most liable to injuries due to rapid fluctua- 
tions in the intracranial pi-essure, and are also subject to over-stretching of the 
cranial supportive apparatus. And it is in such cases, too, that tentorial tears 
and bleedings are very common” (p. 94). 

Rapid birth 

That even very precipitate birth may involve great danger has been recog- 
nized increasingly durmg the last few years, and has been explained by the 
effect of sudden pressure changes of the same type as seen in deep sea diving. 
The sudden decrease of pressure upon the skull of the child after rapid birth 
seems to produce readily tearing of the subdural blood spaces and leads to slowly 
progressive venous hemorrhages, which maj*^ develop on the second day after 
birth. The condition of the child after Caesarian section is more complicated, 
but some of the hemorrhages encountered in babies bom in this manner seem 
to depend on the same factors as those in precipitate birth. Other factors, such 
as immaturity, and narcotics, also come into play. 

Asphyxiation 

The role of asph 3 ^ation has been the subject of many arguments. In earlier 
years, asphyxiation Avas considered of major importance and obstetricians felt 
compelled to aAmid any asphyxiation, for instance in breech presentation, and 
to produce a baby by instmments under the risk that the forced delivery ma}'" 
cause mechanical damage. IITien it Avas discovered that the majority of babies 
Avho died AA'ith the diagnosis “asphyxiation” had some kind of extra or intra- 
cerebral hemorrhages, the" role of asphyxiation as a danger factor Avas almost 
completely denied (Ehrenfest (14)). Recently, hoAvever, increased knowledge 
of anoxia has again centered interest upon the various ty’-pes of ano.xic, anemic, 
stagnant and histoto^dc anoxia. 

Since the classical presentation of the “SurAuval Time of Different Neive 
Tissues” by Cannon and Busket (15) (1913), it has been generally accepted 
that damage to the nenm cells of the cerebral cortex may occur and be peima- 
nent in spite of the fact that the medullary' centers may^ still function. Ex-peri- 
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mental ivork on tbe influence of Mioxic and histotoxic anoxia has acoui 
evidence beyond argument/, that anoxia is one of the Toost important 
for diffuse cerebral cell deatli and destruction. Application of these 
observations to the problem of birth injury has been suggested by 
ivriters. Schreiber (16) especially has emphasized the role of narcotic 
to the mother during delivery. For the student of the late effects i 
injuries, it is impossible to estimate the role of hemorrhages or mere as 
since the latter produces .stasis and subscejuent anemic or hemorrhage i 
It is sufficient to mention that many observations on late cKcots of birth 
arc well in line witli recent experimental obscn'ations and some phe 
are more easily understood if asphyxiation is considered as one of 
tributory agents. 

Mechanical injuries 

V/c have seen that numerous reasons account for the occurrence 
injuries without tlic use of forceps. It is therefore well understood t 
clianicnl injuries do not retain first place among tlio possible causes for 
damage at birth, fhit, if a forceps had to be used imdcr difficult co 
and the bead has snlTcrcd a considerable malformation and compress 
injuries encountered under these conditions are of especially severe 
Otto Marburg (17) reported 455 newborn children who died, 80 cases of 
of the tentorium, GS cases of tearing with subdural hemorrhage, 3 
hemorrhage into the cerebellum, and 12 ca.sc.s without noticeable hem 
The mechanism of tears of the tentorium and the falx i-s well imdersto 
the observations of Benckc (18) and Holland (4). Tears of the falx 
tentorium are frequent. They produce niptures of the siuu-scs or of 
veins, or, in rarer cases, arteries. Tlie various localizations of cpidiir 
dural or Kuhareelmoid hemorrhages depend on the localization of the te.a 
depends on the type of presentation of tho child’s head. As a result, 
rhngcs upon (he convexity of the bi-ain arc found in damage of the falx ■ 
blood supply, while tentorial tears arc the most. frcqUent enures of sub-t( 
hemorrhages around the cerebellum, pons and medulla. Tears on t 
border of the tentorium, which indicate tho great slres.s under which tli 
has l)cen bom, result in two type of Ic-rions; damage to hirtnche-; of the 
artery', and damage to tho straight sinus and tlie vena magna Gallei 
interruption of the drainage of blood from central parts of tho brain ii 
sinus system. It is beyond the limits of this db«u<'sion to deal in debs 
the varying types of mechanical injuries. It sutHce? to emphasize th: 
ehaniml injurias are of groat importance, and that n-ffp improved medic 
many children now snn'ive severe brain injury but are not well cnou-h to 
the encountered injury without sin^fcal inlcrfcrecce. 
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of a birth injuiy after any mode of birth. If we now consider the relationship 
, between the pathological findings and' the clinical manifestations, a closer 
correlation may be observed. 

Amongst many clinical aspects, two seem to be of special interest. The first 
question is whether a child is liljely to manifest signs of an unrecognized birth 
injury in later life, in spite of the fact that a damage was not suspected at birth. 
The material presented seems to indicate that most of the bhth injuries seem to 
produce immediate symptoms winch suggest the occurrence of brain damage. 

Our material reveals retrospectively that in spite of incomplete information, 
13 cases or 54 per cent displayed signs of brain damage immediately after birth. 
Severe asphyxiation, external lacerations, circulatory deficiency or intracranial 
hemorrhages were present and might account for the pathological findings. 
In 10 cases or 42 per cent, the morbid condition made itself manifest a few 
weeks, or at least months, after birth, and in only one case was the abnormal 
condition not mentioned before the second year of life. A careful exammation 
in this case would certainly have revealed the brain damage much earlier. 
We may conclude, therefore, that brain damage as a consequence of a birth 
injury manifests itself either at birth or not later than in the first six to nine 


CHART 6 


BIRTH IWjHRy ESTABLISHED 

CROUP 1 

CROUP 2 

CROUP S 

Immediately after birth 

3 

1 

9 

In first six months 

1 

2 

7 

After first year 

1 

1 

1 
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months of life. If a child has been perfectly normal dming that period, it may 
be concluded that such a child will not suffer from late effects of a birth injury. 
If, on the other hand, a child reveals signs of a brain damage after birth the 
prognosis is not good. This observation is in accord with the observations of 
Erik Rydberg (13), who found that 33 per cent of children with major brain 
injury later in life became idiots or imbeciles. Of forty eight cases which he 
followed only eight or nine exhibited fully normal conditions after a period 
rangmg from two to eighteen years. It may be mentioned that if a bloody 
spinal fluid is encountered after birth as the only finding in an otherwise normal 
child it cannot be considered as evidence of brain damage and is so common 
that it should be discarded as of no significance. 

The study of autopsied cases offers an opportunity to collect data which are 
of interest for the diagnosis of birth injury and for the differential diagnosis 
between a birth injury and a developmental disorder of the prenatal period. 
The latter differential diagnosis is of importance from many points of view. 
The presence of a mentally deficient child represents a heavy tax upon the 
other members of the family because of the general feeling that mental defi- 
ciency is in some way a sign of inferior heredity and therefore some taint. The 
pediatrician who acts in an advisory role to a family will- be frequently asked 
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for his advice ivith regard to further offspring and the future chances of other 
members of the family. If the one mentally deficient child is the result of a 
birth injury, the physician -will certainly not hesitate to comfort the family 
and cncoirrage the parents to have more offspring. If, on the other hand, the 
child reveals developmental disorders, a much more careful consideration of all 
pertinent factors is necessary to predict the future of other siblings. Turther- 
more, the patient himself should be treated and managed in a different way if 
his condition is the result of a brain injury than if it is due to abnormal develop- 
ment. Although the general medical attitude toward the management of a 
birth-injured child is still conscri'ative and that of waiting, I believe that this 
attitude will change and will be replaced by more active measures. The poor 
prognosis of these children would justify the taking of greater risks. 

With regard to the differential diagnosis between prenatal developmental 
disorders and birth injuries, a careful collection of data ivill enable the physician 
to establish such a diagnosis with a great amoimt of accuracy. Developmental 
disorders of the nervous sj’stem are likely to display other signs of faulty develop- 
ment. True microcephaly is recognized nt birth because in this condition the 
skull has failed to reach, nt the end of the gestation period, the normal cir- 
cumference of 34 cm. or 13 J in. The abnormal outline of the microcephalio 
skull indicates tlic prenatal pathology. A circumference of less than 31 cm. is 
also diagnostic of microcephaly. Measurements of the length of the skull in 
the new bom (normal 11.5 to 12 cm.) and the width (normal 9.6 cm.) •nill also 
help in the diagnosis. Congenital malformations of the nervous system arc 
frequently associated with cleft formations, meningocele, myelomeningocele 
or spina bifida occulaia, cleft formation in the cerebellum or abnormal skull 
ossification. Even remote developmental disorders like cleft palate, hare lip, 
webbed fingers or toes, undescended testicles and congenital subluxations or 
bone anomalies, suggest the existence of factors active during the prenatal 
period and are in favor of a prenatal disorder rather than an uncomplicated 
birth injury. The following chart (Chart 7) summarizes some observations 
with regard to children seen at an older age. 

As far as the diagnosis of a birth injury' is concerned on analysis of the material 
indicates the following: 

Only in five of the twenty-four cases was the birth considered "normal” 
without further comment. One of the full term babies was recognized as a 
"blue baby” at birth. In this case, attacks of cyanosis with btiffening of the 
whole body, vomiting, and high-pitched crying wore recognized shortly after 
birth and indicated a severe intracranial accident (ft'll). One of the “normal" 
born children ()!i3) had seizures two days after birth and continued to have 
periods of stiffening and crying for ten d.ay3. Tlic diagnosis of an intcrcerebral 
hemorrhage w.-ls made by a physician nt that time. Case fi 7 revealed slight 
.spasticity of anns and legs in the first week after birth, high-pitched cry-ing 
contracted pupils, and feeding problems. Case SIO bad stertorous breathing 
sjwlls and stiffening of the muscles, in addition to bleeding from the nose and 
mouth after birth. Case # 12 showed general hypotonia and cried very little 
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in the first three months. Case had a right hemiplegia and hypotonia. 
Case ^ 6 showed spasms and tremors. Two cases, ^ 7 and ^ 18, had severe 
hemorrhages into both eyeballs. In Case j^7 these hemorrhages were recog- 
nized as such but in Case ^ 18 they were noticed a few weeks after birth and 
mistaken for congenital cataracts. The autopsj’' established the hemorrhagic 
character of these “cataracts” beyond doubt. Case ^22 was cyanotic and 
“comatose” for a whole week after birth and had a series of convulsions for the 
first 24 hours. 


CHART 7 


Differential diagnosis between birth injury cases and developmental mental deficiency 


Family history 

Physical exam- 
ination 


Skull 


BIRTH INJURY 

Other members of family normal. 

I 

Child well-formed. Fine skin. 
Hair normal. No malformations 
of body organs. No “stigmata.” 

Asymmetric, depressed or bulging. 
Frequently “normal.” 


Microcephaly 


Motor activity 


Eyes 

Epileptic sei- 
zures 

Psychological 

classification 


Circumference usually 17-19". 
Never less than 15". Frequently 
more than 20" 

Paraplegias most frequent. Hemi- 
plegias. Decerebrate rigidity in 
cystic degeneration. Mobile 
spasms and hypotonia in as- 
phyxiation or hemorrhages of ter- 
minal veins. 

Anisocoria. Nystagmus. Stra- 
bismus. 

In at least 80% occasional convul- 
sions. Seizures after birth espe- 
cially significant. 

Idiocy or low grade imbecility most 
frequent. High grade imbecility 
rare. Occasionally morons with 
some neurological symptoms. 


“bNDlVFERENTlATED” MENTAL DEPiaENCY 


Mental deficiency or illness fre- 
quent in other members of family. 

Physical stigmata. Sldn anoma- 
lies. Cleft formations in spine, 
palate. Bony dysplasias. Gon- 
adal anomalies. 

Symmetrical. Brachyeephalic, do- 
licocephalic, or rounded and 
small. 

True microcephaly (below 14 ) or 
circumference of about 20" 

General awkwardness. Localized 
neurological signs rare. 


Symmetrical pupils. No nystag- 
mus. Strabismus frequent. 

May be present several years after 
birth. Rare in first years of life. 

Imbecility frequent. Idiocy onij' 
if associated with congenital 
malformation of brain. 


Some of the symptoms which resulted from a birth injury are listed in Chart S. 
A factor of great interest seems to be the frequency of epileptic convulsions. 
All three patients of group 2 were reported to have had comuilsions. In Group 
1, four of the five patients were reported to have had convulsions and in the last 
group, nine out of sixteen cases had definite commlsive seizures. This term 
does not include fainting spells with loss of consciousness which were obseived 
in the last patient, attacks of screaming and abnormal breathing which were 
seen in Case 23, and spells of cyanosis in one of which the patient finally died, 
which -were seen in Case H 17. Case 11 also revealed attacks of cyanosis 
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ith stiffening of the nholo body, vomiting, and liigh-pitchcd crj’ing Case » 14 
revealed attacks of difficulties in s-n-alloning. This brings the number of pa- 
tient* vho suffered from “pathological spells” up to 20 out of 24 patients. The 
caily onset of those spells is of great value for the diagnosis of a birth injury. 
Wilder Penfield and Erickson (19) mention the same experience and emphasize 
that epileptic seizures in eaily infancy are suggestive of a birth injury 
Beside epileptic seizures, there r\erc a number of neurological conditions 
M hich deserve interest As a matter of fact, not a single child was without some 
neurological disorder and it should be generally accepted that the birth-injured 
child is a patient with brain damage in nhich the mental deficiency is but one 
sjTnptom among several others which arc equally important It seems hardly 
justified, ns is usually done, to classify the birth-injured imbecile or idiot among 

GHAUT 8 


SjimptomatoloQ]) »n tirtk-injureiJ c^I!d^cll 


SYurroifS 

p 

1 

ATItOLOOY ototrr 

' 2 

8 

3 

Epileptic Sci?urcs 

4 

3 

9 

Altficks bt cyanosis and pathol. breathing 



4 

Spastic parnplogm of logs 

4 

3 

4 

lloiniplogia 

1 

1 

1 

Molale Spasm of arms anti logs 



3 

Unstendj gait 



7 

Atlictoid'chorcatic movements 



4 

Hoad cirtumfcronce below IG ms 


1 


IG-ITins 


I 


17-18 “ 

2 

1 


18-10 " 

1 


3 

lt>-20 “ 

n 


1 

abo\c 20 ms. 



12 

IdlOLJ 

A 

3 

12 

Iml>elicity 

1 


3 

Moron 

i 


1 


the general group of feeblemindedness They arc post-traumatic patients who 
need special attention and treatment 

.\s tile chart indicates, spastic paraplegia of the legs was found in group one 
4 times, in group two 3 tinic.s and in group three 4 times. Although the legions 
in the three groups varied greatly, spastie paraplegia was found as.«ociatcd with 
all three types of alteration If the name of infantile cerebral sp.astic paralysis 
(l'rend)^is sjuionjunoib. with “Little's Disease,” thi'^ condition was present 
elerrn times or in 10% .Mthough the lesions were more marked in one hemi- 
sphere in the fin-t group and some of the cases .showed henii-atrophy, the para- 
plegia affected both sides almost equally. TJie explanation is that the 
iniero-(opic sludv rercalwl lesions in Imth hemispheres although in somewhat 
diffeieiit tlegree. All lliree cases of the seeond group eientiially developed 
quadriplcgia wath great stiffness and rigidity, it being characteristic that the 
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condition was progi’essive. Although at a single neui’ological examination it 
would be difficult to distinguish this group from "Little’s Disease,” which is 
stationary and may even show some improvement, these cases were cases of 
progressive decerebrate rigidity and should be differentiated from cases of 
“Little’s Disease.” Four cases of the third group revealed the typical picture 
described by Little in spite of the fact that gross lesions in the brain were not 
recognizable and only the microscopic examination demonstrated the condition. 
In none of these cases was the morbid process restricted to the basal ganglia. 

Hemiplegia was present in one case of group one with hemi-atrophy of the 
brain and in one case of group three with very diffuse lesions in the cortex and 
even in the spinal cord. 

A symptom somewhat characteristic of the third group is “mobile spasm” 
with inability to walk. These children were bedridden at first with a condition 
of flabbiness and spasticity. Spasticity to a minor degree was present in seven 
additional cases. The childi’en learned to walk at a late date (mostly after 
five years), and were finally able to move around but the gait remained unsteady 
and awkward. With seven cases of xmsteady gait, three mobile spasm, one 
hemiplegia and four true paraplegias, only one patient of the third group is left 
without evidence of motor disability. Four patients showed purposeless move- 
ments of the arms which may be classified as “athetoid-choreatic” movements. 

Head measurements are of interest because they also indicate the presence 
of a morbid process. The lowest measurements were found in the second group 
in which all children were definitely microcephalic. The cystic degeneration 
(encephaloclastic porencephaly) which was found in these cases apparently 
develops rapidly after the birth trauma and seems to be associated vnth a com- 
plete arrest of brain growth after the onset of the pathology. The condition 
seems, however, to be definitely of a post-natal character, since cystic degenera- 
tion has not been reported in newborn or stillborn babies, in spite of the huge 
autopsy material which has been collected of cases of neo-natal deaths in many 
different places. Last year Stevenson (20) reported seven cases of cystic de- 
generation in babies, the youngest of Avhich was one month old. The cases 
do not represent a uniform group. In three of his cases, the cystic degeneration 
was the result of S 3 T)hilitic vascular lesions. The cavities were not identical 
with those seen in the true encephaloclastic porencephaly. Four of his cases, 
however, showed lesions similar to those described in my group two and it is 
interesting to notice that in one case some cystic cavities of considerable size 
were found at such an early age as one month. The child was one of t\vms 
and born in breech presentation, similar to one of the cases of my material. 
Clinically the child showed decerebrate rigidity. 

A microcephaly of minor degree is associated with group one in which no 
patient had a normal circumference of the head. The best developed skulls 
were foimd in group three. More than two-thirds of these patients had a cir- 
cumference above 20 inches and several of them had normal measurements. AH 
of the patients had a circxunference above 18 inches. 

As far as our material is concerned, the mental deficiency was serious in the 
majority of cases. Nineteen of the twenty-four were in the idiot group, four 
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in the imbecile group and only one patient was a moron. Although this^obserya- 
tion is of some interest, our material may not be considered as representative 
for the whole problem. Too few higher grade mentally deficient children lyero 
studied to allow conclusions regarding the importance of birth injuries of minor 
degree or recovery with minor defects. 

VI. SUMMABT 

1. Although the various mechanisms of birth injuries and their immediate 
effects are well understood, there is little agreement with regard to the late 
effects of intracranial hemorrhages upon the development of the infant brain. 
There seem to be two main rea.sons for the existing disagreement. The first 
one is the fact that very few investigators have approached the problem from 
more than one angle. The material was either clinical or pathological and 
only in a few instances could the clinical material be supplemented by post- 
mortem examinations. 

The second source of disagreement is the fact that several authors have studied 
Little’s disease with regard to the question whether this condition is mainly 
duo to birth injuries or to antenatal developmental disorders. It is true that 
if a largo group of cases of cerebral spastic infantile paralysis is examined with- 
out further differentiation of the various types, a higher percentage of these 
cases is caused by congenital anomalies than by trauma at birth. There is, 
however, no justification for neglecting the thirty to forty per cent of post 
traumatic cases because of the fact that fifty to fifty-five per cent arc congenital 
malformations. 

2. In order to determine accurately the share of congenital malformations 
and birth injuries in an imsclccted group of mentallj' deficient patients, the 
author has made a study of a hundred autopsies of various tjTres of mental 
deficiency. jVfter separating the three groups, the idiots, the imbeciles, and 
tlie morons, a critical analysis was made of each group separately. The result 
of this study was, that in the idiot group thirty to thirty-five per cent were due 
to birth injuries. In the imbecile group only eight per cent were found. It was 
not po.ssibic to determine the importance of birth injuries for the high grade 
defectives (morons), because this condition is so ovcnvhclmingly familial that 
only scattered instances of post-traumatic deficiency can be found. 

3. Tiic subject of the present study was a determination of the influence of a 
birth trauma upon the development of the infant's brain. A study of twenty- 
four cases of traumatic mental deficiency revealed that the pathologj’ can be 
dmded into throe main groups: a. Mantle sclerosis or granular atrophy; 
b. Cystic Degeneration; c. Diffuse Cortical Deva-station. These group.s over- 
lap each other since small cysts are also found in the first and third groups, while 
mantle sclero.sls can bo the end rc.=ult of cystic degeneration, but ns a whole the 
morbid process reprosente three separate entities which can be easily rccognirod. 

-I. Mantle sclerosis or granular atrophy is the rc.sult of subcortical cnccphalo- 
malacia n-ifh reactive bniin gliosis and moscnclij-mal organirntion. In this 
condition the cortex it.self is mainly destroyed. Tlic Icptomeninges arc thick- 
ened covering the defect of the corte.x. ITie gr.<iy matter is gllofic with only 
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islands of nerve cells left separated by strands of scar tissue. The white matter 
is spongy-like noth formation of cavities which are filled with mesenchymal 
meshwork and surrounded by gliotic webs. Although the morbid process starts 
with the tramnatic destruction of cortical tissue the condition is progressive due 
to the fact that scar formation and leptomeningeal fibrosis, including a fibrosis 
of the arachnoid villi and obstruction of the sagittal sinus lead to interference 
with the venous drainage and absorption of spinal fluid. There is evidence of 
edema of the w'hite matter and gradual enlargement of the lateral ventricles 
ivith hydrocephalus. Accoi'ding to the age at wliich the patient dies brain 
tissue may be destroyed to a large extent with the remaining tissue sclerotic. 
Mantle sclerosis occurs sometimes in older people after thrombosis or in arterio- 
sclerosis of the brain vessels. In infancy the condition is seen in congenital 
syphilis, equine encephalitis, other types of encephalitis including toxoplasmo- 
sis, but the majority of cases is due to hemorrhagic or anemic necrosis or sinus 
thrombosis after birth injuries. 

5. Cystic degeneration of the brain is a condition w’’hich occurs only in infancy. 
Although single cysts may be found in adults, these cysts are well walled off 
and the adult brain does not show a tendency to cystic degeneration ivith com- 
plete degeneration of the white matter. The cystic degeneration can be pro- 
duced by various factors. Trauma, anoxemia, encephalitis and syphilis seem 
to be the most important etiological factors. Several of the case histories of 
children who show^ed cystic degeneration of the brain indicated the existence 
of long-lasting asphyxiation during birth. It is therefore suggested that as- 
phyxiation with anemic necrosis is the most important factor in the pathogenesis 
of this condition. 

6. The patchy cortical devastation represents a pathological entity which 
has not yet been thoroughly rmderstood. Examination of sixteen cases of 
that type show^ed that the cortical lesions Avere associated with small areas of 
hemorrhagic or anemic necrosis in central parts of the brain, thus suggestiag 
that the origin of this condition was due to venous hemonhages, vasoparetic 
stasis and anoxia. Patchy devastation of the cortex may be also produced by 
small infarcts in malignant hypertension, syphilis and tuberculosis in older 
children, most of them being in the teen-age. In babies and infants, a difficult 
birth is the main factor in producing the combination of anoxia and trauma Avhich 
causes this condition. 

7. An analysis of the etiological factors shoAvs that practically all modes of 
birth contribute to bhth injuries. It is therefore suggested that it is not the 
type of birth but several contributory factors w^hich facilitate the occurrence 
of cerebral hemoiThages. Some of the most important factors are prematurity, 
breech presentation and long-lasting labor before deliA'^ery. 

8. A clinical analysis of the cases revealed that epileptic seizures after birth 
and in early childhood are of foremost diagnostic value for the recognition of 
cerebral damage. Neurological disorders of a motor and sensory type rank 
second in significance. Severe mental deficiency is associated Avith the neuro- 
logical disorder in the majority of cases. 
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9 . A retrospective study of the cases, which were verified by post-mortem 
examination, indicated that the diagnosis of cerebral damage at the time of 
birth can be made in the majority of cases immediately after birth. In the re- 
maining cases the possibility of a cerebral damage was indicated a few 1x00118 
after birth and only in a few cases could the diagnosis not be made before the 
lapse of several months. The material indicates that careful observations on 
the part of the pediatricians iidll reveal the seriousness of thc.se cases in the first 
three months of life. Considering the poor prognosis of the infant udth cerebral 
hemorrhages, it is suggested that clo.se medical attention and neurosurgical 
intervention should bo carried out at the earliest date. 
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VII. Appendix 

SELECTED CASE REPORTS 

Group I 

Case 1 . {37/11). R. G. Both parents were said to be in good health. The 
father was thirty-three and the mother thirty-four years of age when our patient 
was born. One older sibling was said to be normal. R. G, was bom as the 
second of dizygotic, dissunilar twins. The twin sister was perfectly normal, 
and was in high school when the patient died. No peculiarity was observed 
until he was about five or sbc months of age, when he did not notice anything 
going on about him . At the age of eighteen months he had six convulsions in 
one day. 

When admitted to the Wrentham State School in 1926, at the age of three 
years, R. G. was a poorly nourished and underdeveloped child with a weight 
of 21^ poimds and a body height of 34j inches. Hi.s hands were thin and claw- 
like. He rolled his body and head from side to side, sucked his fingers, and 
made peculiar motions with his hands. He made no effort to sit up. Circum- 
ference of head was 47^ cm. (18f")j length 16 cm., and width 13 cm. The 
pupils were round, equal, and reacted to light. Patellar reflexes were not 
obtained. 

The patient lived for twelve years in the institution without mental develop- 
ment as a bediidden, idiotic child, who was noisy and untidy. His physical 
health was fair. 

At the time of his death at the age of fifteen years he was a well-developed but 
extremely emaciated bo3^ At autopsy the circumference of the head was 48.8 
cm. (19.3'')- Testicles were not descended. Pubic hair was not developed. 
Sex organs were infantile. The head was irregular in shape, with the left side 
more developed than the right. The dura was not adherent to the skull. The 
brain appeared soft and did not completely fill the cavity. Its weight was 
1150 gm. 

Brain after fixation: The leptomeninges were grayish in color and easily 
stripped off in large pieces without damage. Most striking was the absence of 
blood Avithin the vessels, which were hardly recognizable. The brain was 
brovnish-yellow in color, and resembled wax. The surface of the convolutions 
appeared soft, in spite of the fact that the brain had been fixed for more than 
a year. The fissural patterns of the frontal lobes appeared normal. 

I The brain was dissected in frontal sections. The lateral and third ventricles 
were enlarged. At the level of the basal ganglia, the globus pallidus appeared 
much brighter in color than the putamen, and showed no differentiation. The 
structures of the internal capsule and the thalamus appeared confused, es- 
pecially on the right side. The most conspicuous abnormality was found about 
both occipital lobes, but the right occipital lobe was still smaller than the left 
one. On the right side the whole occipital lobe, including the medial surface, 
was microgjrric and sclerogyric, showing granular atrophy of the convolutions. 
On the left side the granular atrophy was not as widespread as on the other 
side, but was also definite. 
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Microscopic study; Tlic microscopic study showed a defiuite lack of myelina- 
tion of the globus pallidus on both sides and focal dcmyelination uithin the 
white matter. Tlie myelination of the thalamus was also incomplete. There 
was, how'cver, one myelinated plaijue wnthiu the thalamus. The convolutions 
showed atrophy and fibrosis of the leptomeninges. The cortical capillaries were 
sclerotic, dilated, and congested. There was perivascular demyetoation along 
the pathways of the long veins of the white matter. The terminal vein was 
much dilated on the right side and filled with blood. Perivascular fibrosis and 
gliosis were present. Both veins of the fornix were also greatly dilated and 
fibrotic. The choroid plexuses of the lateral and third ventricles were atrophic. 
There was widespread capillary fibrosis of the temporal lobes witli cellular 
atrophy within the dentate fascia of the hippocampus. The amygdalar nucleus 
of the right side showed patchy loss of cells. Both globi pallidi had lost almost 
their whole myelination. 

Subcortical enccphalomalacia was present about the occipital lobes. The 
myelinated core was degenerated and atrophic. The convolutions W'cre shrunken 
and areas of devastation were marked. In the grey matter a few glia scars were 
present. 

A study of the spinal cord revealed no developmental abnormality. There 
was marked demyelination, especially in the posterior columns and on the 
periphery. 

Pathological diagnosis: Subcortical encephalomalacia of both occipital lobes 
with Bclorogyria and microgyria. The morbid process followed the patterns of 
occlusion of the occipital branches of the posterior cerebral arteries. The 
abnormality of the basal ganglia w-ns also most striking in the areas of distribu- 
tion of branches of the posterior cerebral arteries. There was, however, in 
addition, general cortical atrophy and vasoparetic congestion, perivascular 
sclerosis, demyelination, and areas of cortical cellular devastation. 

Cases. (j{f/75). J.B. Both parents were said to be in good health, and 
were twenty-five years old at the birth of our patient, who was the first of four 
pregnancies. Two of the younger siblings were normal boys, while one preg- 
nancy terminated in a miscarriage duo to albuminuria during pregnancy. 

J. B. was bom in 1924, at least six weeks premature. According to another 
source, he was tlircc monUis premature, instmments were used. Cerebral 
hemorrhage was noted three days after birth. 

The patient was always backward, and could not walk alone. He was, 
however, able to stand with help, and at the age of five years ho started to talk, 
although speech was slurred and unintelligible. The legs were underdeveloped 
and verj- spastic, drawn up, and could not be straightened. Tlie knee jerks 
were hyperactive. There was bilateral Babinski. Most of the time tlie boy 
sat in a chair and listened intently to cvciything going on about him. His 
vision was very poor, but he could recognize oveiybody by their voices and call 
people by name. There was nltcmating internal strabismus, nystagmus, and 
optic atrophy of both eyes. Botli arms showed choreatic athetoid movementa. 
The head was slightly microccphalic, with a circumference of 4Gj cm. (18}') 
length of skull 15 cm., and width of 13 cm. ' 
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Patient died at the age of almost eighteen years. At autopsy it was noticed 
that the left pupil was asymmetrical in shape and the iris broader on the lateral 
side than on the medial. The pupil had an oval shape uith a lengthwise diam- 
eter of 6 mm. The other pupil (right) was round, with a diameter of 5 mm. 
The legs showed paraplegia mth atrophy. Circumference of the calfs was 12 
cm. The elbow joints were flexed. The hands and wrists were bent and the 
hands were in a claAv-like position. There Avas marked kyphoscoliosis and 
defonnity of the vertebrae. The calvarium appeared asymmetrical. The 
brain did not entirely fill the brain caAdty, and there Avas a large space bctAveen 
calvarium and dura. The brain AA^eighed 788 gm. - The convolutions upon the 
frontal lobes shoAA'ed definite granular atrophy AAuth microgyria and sclerogyiia. 
The microgyria A\-as most marked on the upper part and on the medial surface 
of both occipital lobes. Both occipital lobes were so atrophic that the cere- 
bellum protruded as a rather huge organ beneath the small cerebral hemispheres. 

' Microscopic e.x'amination showed granular atrophy of both occipital lobes 
Avith cystic degeneration of the AA'hite matter (“Peripheral porencephaly,” 
SchAvartz; “encephaloclastic porencephaly,” Yakovlev). 

The cortex shoAA’^ed general atrophy Avith fibrosis of the leptomeninges. There 
was increased inyelination of the gray matter (myefinatcd placques) and there 
Averc areas of cellular devastation. The fascia dentata of the hippocampus 
shoAA'ed marked loss of cells and demyelination. There Avere some gliotic scars 
spread over the cortex. The putamen shoAA^ed status marmoratus at the outer 
border along the external capsule. The vessels of the putamen Avcre enlarged 
and fibrotic. The lateral ventricles Avere enlarged. 

No developmental abnormality of the spinal cord could be found. 

Pathological diagnosis: Granular atrophy and cystic degeneration in the 
course of both posterior cerebral arteries. Enlargement of the ventricles. 
Vasoparetic congestion of the cortex AAoth areas of devastation in the gray 
matter and demyelination of AAdiite matter. Status mannoratus of the putamen. 
Gliotic scars in temporal lobes. Degeneration of the hippocampus. 

•Cased. {42/98). E. A. Patient A\ms of Portuguese ancestry. Father was 
tAventy-three years of age at the birth of the patient and’ Avas considered fairly 
intelligent. The mother aa^s married at the age of fourteen and Avas seventeen 
at the birth of om- patient. Her moralitj'- and mentality Avere someAvhat dubious. 
Our patient Avas bora at home, full term normal labor, the mother being attended 
by a midwife. Tavo days after birth, epileptic seizures AA’ere observed Avhich 
lasted for a period of ton days. A doctor Avho AAms called in made the diagnosis 
of cerebral hemorrhage. At the age of six months the child fell from a table 
bn her head and she Avas said to have been unconscious for some time. After 
that accident she began to have conAmlsions again. Her eyesight became pro- 
gressivety poorer. At the age of tAA'o years another period of convulsions AA^as 
obserred. She noA-er AA'as able to AA'alk or to stand. She could not talk, but 
uttered some Avords. 

■ At the age of three years she was taken to an orthopedic clinic Avhere the 
diagnosis of spastic paraplegia aa^s made. She shoAA^ed some athetoid move- 
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monts of the hands. Patellar reflexes were increased. The left leg \yas shorter 
than the right. Her oj’es revealed definite trophic changes of the disks, alter- 
nating straliismas, peculiar motions of the eyes with the right turning outwards 
and tlic left rolling upwards. . . r ■ 

The patient lived for eight years in our institution, a large crippled, idiotic 
girl, who became increasingly helpless because of osteomalacia with deformity 
of the vertebrae and several spontaneous fractures of her legs. 

Autopsy revealed a microccphalic head with a circumference of 45.5 ora. 
(18"). The dura was adherent to the calvarium. Tire brain did not entirely 
fill the cavity. The weight of the whole brain, including the cerebellum, was 
498 gm. The cereliellum was of normal size and normally developed. The 
brain showed almost complete destruction of both occipital lobes. On the left 
side there was only some sclerotic microgyric bloody tissue left. The border 
of the destruction was along tlio parioto-occipital fissure. The right hemisphere 
was markedly smaller than the left one, and the microgyria and sclerogyria 
involved parietal and temporal lobes. • The occipital lobe was almost completely 
destroyed. 

Microscopic examination of the spinal cord revealed no developmental ab- 
normality. 

Pathological diagnosis; Granular atrophy of both occipital lobes and the 
riglit parietal and temporal lobes. Lesions were along both posterior cerebral 
arteries with involvement of some branches of the medial cerebral artery on 
the right. 

Group II 

Case 6. Fatlier was a salesman in good health, thirty-eight years of ago at 
the birtli of the patient. Mother was thirty-seven years old. She was in good 
he.alth, a high school graduate, and a former bank clerk. Two siblings were 
bom before our patient. There was no hi.stury of stillbirths or miscarriages. 
Patient was bom in 1933, birth weight seven pounds, two ounces, full term. 
Obsoivations immediately after birth were not recorded. At the ago of five' 
months it was noticed that the child had spasms with tremors and trembling. 
At eight months .«hc had a series of convulsions. At nine months she wv-is 
admitted to a children’s ho-ipital. She was listless and seemed perfectly con^ 
tented to lie. in bed. She did not hold her bottle or play with toys. She could 
not hold up her head. The convulsions increased in frequency wid severity. 
At first she had from four to five attacks daily, but at the end of the ninth month 
she had ten attacks daily. Tliey occurred day and niglit and were generally 
tonic and clonic. They lasted fifteen to twenty seconds and were not followed 
by sleep. 

On examination the patient appeared a fat baby with a small head and a 
blank e.vprcasion. Tlie head circumference was 43 cm. (17"). Xo pathological 
redexe-s were found. The deep reflexes were hypenictivc. Ventriculoemcephalo- 
gmrn showed markedly enlarged asymmetrical lateral ventricles, the left being 
parlienlarly dilatetl. There was abo n considerable amount of air about the 
periphciy. Total protein 23 rag.%. 
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At the time of admission to the Wrentham State School at the age of eleven 
months, a peculiarly shaped head vrith flattened occiput and raised vertex 
was observed. The vision was impaired. She could not sit up even supported. 
Hands were held with thumbs turned in on the palms. During her stay in the 
institution the child was a helpless idiot. 

She died at an age of three years, five months. Body length was then 90 cm. 
Arms and legs were spastic. Right hand was in a grasping position. Legs 
were abducted in a frog-like position. Head circumference measured 44 cm. 
(17|"), length 15.4 cm., width 11.8 cm. The skull was thin and irregular. In 
the right temporal region of the brain there were two areas of depression. There 
was a similar area on the left side. When touched, the dura fluctuated. There 
was a large space between dura and leptomeninges filled with fluid, and there 
were smaller pockets filled with fluid beneath the leptomeninges. On a hori- 
zontal section at the level of the upper edge of the corpus callosum, a large 
cystic ca^dty was discovered in the left hemisphere, filling the whole parietal 
and occipital lobes. The cavity was divided by fibrous cordst. On the right 
side of the parietal lobe there was another cavity divided by numerous fibrous 
cords. The occipital area showed sclerogyria and microgju-ia. A horizontal 
section at the level of the basal ganglia disclosed two large cavities in the left 
heihisphere, which filled the parietal-occipital and frontal lobes. Although the 
cavities had destroyed the white matter, a small rim of gray matter remained. 
Grossly, the basal ganglia appeared intact. Some of the cavities had no connec- 
tion wth the ventricular system. Another small cavity was present in the 
cerebellum. 

The spinal cord showed no developmental abnormality. 

Pathological diagnosis: Cystic degeneration of the brain. “Encephalo- 
clastic porencephaly.” 

Case 7. Father was an intelligent business man thirty years of age when the 
patient was bom. The mother was an intelligent woman twenty-six years of 
age at the birth of the child. Her condition was good imtil the seventh month 
of pregnancy, when she developed a considerable degree of swelling of arms and 
legs. Our patient was the only child. No stillbirths or miscarriages were 
recorded. The child was bom after prolonged labor which was complicated 
by a prolapsed cord. As a result the child was asphyxiated before she could be 
delivered by forceps, and hardly breathed for three hours. During the first 
week slight spasticity of arms and legs which increased when the baby grew 
stronger was noticed. She did not cry until after a week, though even then the 
sounds were abnormal. She took very little food, and only after much patience 
on the nurse’s part. The head circumference was 34 cm. (13^") at birth. 
Length of body was 50 cm. The child appeared lethargic, listless, pupils con- 
tracted, and the extremities showed marked spasticity after a few weeks. She 
was admitted to a children’s hospital less than three weeks after birth because of 
general spasticity. The babj’-’s condition improved gradually as far as respira- 
tion was concerned, but she became increasmgly spastic, and acted like a de- 
cerebrate animal. Diagnosis: Spastic paraplegia, intracranial injury. The 
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oculist found the vitreous humor cloudy Tyith intra-ocular hemorrhages in 
each eye. After three months the ^dtreous humor became more clear, but no 
pupillary reaction was noted. 

The patient was admitted to the Wrentham State School at the age of six ' 
months. It was noted that she tended to lie yvith feet crossed. There was 
paraplegia of arms and legs. The head was round, with a circumference of 37 
cm. (14D, length 11.7 cm., uddth 11.3 cm. BUateral nystagmus. Pupils 
were small and reacted sluggishly to light. There was no response to objects 
brou^t close to the eyeball. The patient had petit mal seizures practically 
every day and some grand mal. She died at the age of two years, three months. 

At autopsy the head appeared markedly microcephalic, because the circum- 
ference had not increased since the first measurements at the age of six months 
were taken. The body was small, with a length of 65.5 cm. The legs were 
stretched and abducted, and resisted flexion. 

The removal of the calvarium was difficult because the dura was adherent. 
The brain was extremely small, weighing only 250 gm., including the cerebellum 
which weighed GO gm. The convolutions were small and irregular. Tlie whole 
convoMty was sheathed in a grayish-white fibrotic arachnoid with much fluid 
in the sub-araclmoid space. On horizontal section the white matter showed 
many cayities of varying sizes which were crossed by fibrous cords. The 
occipital lobes were microgyric and sclerogyric. The basal ganglia showed 
small holes. The lateral ventricles were greatly enlarged. There was no 
connection between the ventricular system and the brain cysts. 

Microscopic examination; A few of these cavities were real • holes, and most 
of them were filled uith a fine fibrous mesliwork. The glia cells were regularly 
distributed in a circle around thc.so holes and formed symmetrical pattern. 
Wlierc the holes were large, the fibrous meshwork had disappeared and a cavity 
filled with fluid was present. In myelin-stain preparations, the corpus callosum 
radiation was well-developed and the optic radiation easily recognizable in its 
whole length towards the occipital pole. The convolutions contained 
myelinated cores. The patches of softening with necrosis and cavity' formation 
were most marked in the lateral parts of the white matter. Tlie cortex showed 
a fairly normal architecture with differentiation of tlie architectonic layers and 
normal fissuration. A large number of tho nerve cells were, however, found 
destroyed, and stre.aks devoid of nerve cells were visible. Tlie surrounding 
cells were in a stage of disintegration, and all types of ischemic changes, atrophy, 
swelling and displacement of protoplasm toward tho periphery were observed. 

Spinal cord showed no developmental abnormality'. 

Pathological diagnosis; Cystic degeneration of tho brain. “Enccphalo- 
clastic porencephaly.” 

Cose S. The father was thirty years of age and the mother nineteen at the 
birth of our patient. Thorn were two younger children who were .said to be 
normal. Parents were of average intelligence. Our patient w.s.s bom two 
wc-eks prematurely, and weighed 5i poumls. Birth wa.s instrumental. 'Ihc 
grandmother noted some time later that the head of the child was drarvn back- 
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At the time of admission to the Wrentham State School at the age of eleven 
months, a peculiarly shaped head -with flattened occiput and raised vertex 
was observed. The vision was impaired. She could not sit up even supported. 
Hands were held vdth thumbs turned in on the palms. During her stay in the 
institution the child was a helpless idiot. 

She died at an age of three years, five months. Body length was then 90 cm. 
Arms and legs were spastic. Right hand was in a grasping position. Legs 
were abducted in a frog-like position. Head circumference measured 44 cm. 

length 15.4 cm., width 11.8 cm. The skull was thin and irregular. In 
the right temporal region of the brain there were two areas of depression. There 
was a similar area on the left side. When touched, the dura fluctuated. There 
was a large space between dura and leptomeninges filled ^vith fluid, and there 
were smaller pockets filled with fluid beneath the leptomeninges. On a hori- 
zontal section at the level of the upper edge of the corpus callosxnn, a large 
cystic cavity was discovered in the left hemisphere, filling the whole parietal 
and occipital lobes. The cavity was divided by fibrous cordst. On the right 
side of the parietal lobe there was another cavity divided by numerous fibrous 
cords. The occipital area showed sclerogyria and microgyria. A horizontal 
section at the level of the basal ganglia disclosed two large cavities in the left 
hemisphere, which filled the parietal-occipital and frontal lobes. Although the 
cavities had destroyed the white matter, a small rim of gray matter remained. 
Grossly, the basal ganglia appeared intact. Some of the cavities had no connec- 
tion with the ventricular system. Another small ca^’ity was present in the 
cerebellum. 

The spinal cord showed no developmental abnormality. 

Pathological diagnosis: Cystic degeneration of the brain. “Encephalo- 
clastic porencephaly.” 

Case 7. Father was an intelligent business man thirty years of age when the 
patient was bom. The mother was an intelligent woman twenty-six years of 
age at the birth of the child. Her condition was good until the seventh month 
of pregnancy, when she developed a considerable degree of swelling of arms and 
legs. Our patient was the only child. No stillbirths or miscarriages were 
recorded. The child was bom after prolonged labor which was complicated 
by a prolapsed cord. As a result the child was asphyxiated before she could be 
delivered by forceps, and hardly breathed for three hours. During the first 
week slight spasticity of arms and legs which increased when the baby grew 
stronger was noticed. She did not cry imtil after a week, though even then the 
sounds were abnormal. She took very little food, and only after much patience 
on the nurse’s part. The head circumference was 34 cm. (13J") at birth. 
Length of body was 50 cm. The child appeared lethargic, listless, pupils con- 
tracted, and the extremities showed marked spasticity after a few weeks. She 
was admitted to a children’s hospital less than three weeks after birth because of 
general spasticity. The baby’s condition improved graduaUy as far as respira- 
tion was concerned, but she became increasingly spastic, and acted like a de- 
cerebrate animal. Diagnosis: Spastic paraplegia, intracranial injuiy. The 
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ocvilist found the \dtreous humor cloudy -svith intra-ocular hemorrhages m 
each eye. After three months the vitreous humor became more clear, but no 
pupillary reaction was noted. 

The patient was admitted to the Wrentham State School at the age of six ' 
months. It was noted that she tended to lie with feet crossed. There was 
paraplegia of arms and legs. The head was round, with a circumference of 37 
cm. (I4i"), length 11.7 cm., width 11.3 cm. Bilateral nystagmus. Pupils 
were small and reacted sluggishly to li^t. There was no response to objects 
brought close to the ej'eball. The patient had petit mal seizures practically ' 
every day and some grand mal. She died at the age of two years, three months. 

At autopsy the head appeared markedly microcephalic, because the circum- 
ference had not increased since the first measurements at the age of ^ months 
were taken. The body was small, with a length of 65.5 cm. The legs were 
stretched and abducted, and resisted flexion. 

The removal of the calvarium was difficult because the dura was adherent. 
The brain was extremely small, weighing only 250 gm., including the cerebellum 
which weighed 00 gm. The convolutions wore small and irregular. The whole 
convexity was sheathed in a grayish-white fibrotic arachnoid with much fluid 
in the sub-arachnoid space. On horizontal section the white matter showed 
many cavities of varying sizes which were crossed by fibrous cords. The ' 
occipital lobes were miorogyric and sclerogyrio. The basal ganglia showed 
small holes. The lateral ventricles were greatly enlarged. There was no 


connection between the ventricular system and the brain cysts. 

Microscopic examination: A few of these cavities were real-holes, and most 
of them were filled with a fine fibrous meshwork. The glia cells were regularly 
distributed in a circle around these holes and formed symmetrical pattern. 
UTero the holes were large, the fibrous meshwork had disappeared and a cavity 
filled with fluid was present. In myelin-stain preparations, the corpus callosum 
mdiation was well-developed and the optic radiation easily recognizable in its 
whole length towards the occipital pole. The convolutions contained 
myelinated cores. The patches of softening with necrosis and cavity formation 
Were most marked in the lateral parts of the white matter. The corte.x showed 
^ '“‘riy normal architecture with differentiation of the architectonic layers and 
normal fissuration. A large number of tho nerve cells were, however found 
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royed, and streaks devoid of nerve cells were visible. The surrounding 
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wards. At one month the child started having convulsions and had frequent 
seizures for several weeks. It was generally expected that he Avould die. There 
was difficulty in breathing, vdth spells of cyanosis of the face. Complete 
paralysis of the arms and legs and head developed, so that the child could not 
eat and had to be fed Avith a tube for three months. At a hospital the child’s 
condition was attributed to a cerebral thrombosis at birth. 

At the age of two and one-half years the child was admitted to the Wrentham 
State School. He was a small, helpless boy with bilateral nystagmus. Pupils 
did not react to light. The lips were cold and cyanotic. The child gi-ound 
liis teeth. There were hyperactive reflexes and spasmodic spasticity of ex- 
tremities and body. At that time the child weighed only thirteen pounds. The 
face was like a mask. The bodj’- was as stiff as a piece of board, and remained 
that way even when supported only by one hand beneath the back. The 
picture was that of decerebrate rigidity mth all muscles in a condition of con- 
traction. Through the thin skin, the contracted muscles were easily recog- 
nizable, and the child’s body resembled an illustration of human musculature. 
He lived for two more years in this helpless condition, and then died at the age 
of four years. At that time the body length was 75 cm., circumference of head 
was 42.2 cm. (16|") . The pupils were enlarged and measured 9 mm. in diameter. 
The musculature appeared hypertrophic, like that of an athlete. The body 
was completely stiff. The calvarium appeared asymmetrical. "When the dura 
was opened more than 1000 cc. of spinal fluid escaped from the opening. The 
Avhole brain cavity Avas found almost empty; only on the base of the skull, the 
basal gangha Avere found and some tissue remnants of the temporal lobes. The 
cerebellum appeared huge in contrast to the shrunken brain hemispheres. The 
whole central nervous system Aveighed 132 gm. The spinal cord revealed no 
developmental pathologj''. 

Pathological diagnosis: Cystic degeneration of brain with a feAV sclerogyric 
remnants about the temporal and occipital lobes. 

Group III 

Case 10. Family history was negative. The boy AA^as the only child, born 
in June, 1934. Birth was full term, but prolonged, iastrumental, hard labor. 
Peculiarity AA^as noticed immediately after birth when the muscles stiffened 
and the child bled from nose and mouth. He never learned to Avallc or talk. 
The child’s legs AA'ere hmp and gave AA^aj’- AAffien he aa^s put on his feet. 

At the age of two years, eleven months, he AA’as admitted to the Wrentham 
State School. It aa^s noticed at that time that he cried in a shrill tone. He Avas 
unable eAmn to hold up his head unsupported. He had odd, stertorous breathing 
spells. The breathing AAms suggestwe of that AAffiich occurs under deep anes- 
thesia. Tavo days after admission the child died, after haA’^ing had very definite 
convulshm seizures and sinking rapidly into coma. The lumbar puncture made 
a few hours before his death revealed a negative Wassermann, total protein of 
15 mg.%, total chloride 850 mg.%. No cell increase. 

The body of the child measured 96 cm. Head circumference was 49 cm. 
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;i9^”). The calvarium adhered tighlly to the skull. In the repon of the 
i^ertex an old, organized hemorrhage was found ndth resulting depression of 
brain tissue. Another old organized hemorrhage was found about the right 
liemisphere near the calcarine fissure and the occipito-parictal fissure. At 
both of these places the underlying brain tissue was depressed. The dura was 
like rough sandpaper to the touch. Weight of the brain was 1000 gm. The 
cerebellum appeared well-developed, but was somewhat adherent to the tento- 
rium, which presented an area of bluish discoloration measuring more than one- 
half inch in diameter. 

Microscopic examination revealed sinus thrombosis of the sagittal sinus ndth 
many small thrombi in the tributary vessels. There were many minute hemor- 
rhages into the cortex. Jloth lateral ventricles were enlarged. Scattered over 
the whole cut surface of the frontal sections were small, dark colored spots which 
repre.‘!ented blood vessels with fibrolic enlarged walls, enlarged perivascular 
spaces, and exudation into the surrounding tissue. The blood vessels were 
tightly filled and greatly enlarged. The thalamus was degenerated on both 
sides and the nerve tissue replaced by gliosis. The choroid plexuses were found 
thrombosed and markedly degenerated. Tlio putamen showed status marmo- 
ratus. Tlio cortex revealed many small areas of devastation. The cortical 
capillaries were enlarged and fibrotic. Tlic central white matter showed patchy 
domyclination along tlio course of the veins. Degeneration of the hippocaihpus 
was conspicuous. 

Tlie spinal cord showed no developmental abnonnality, but the vessels were 
in a state of parotic dilation with ensuing congestion. 

Pathological diagnosis: Residues of subdural and intraleptomeningcal hemor- 
rhagc.s. Sinus thrombosis of sagittal sinus. Vasoparctic stasis. Congestion 
of the tributaries of the vena magna. Enlargement of the vena terminalLs with 
perivascular necrosis. Degeneration of the choroid plexus. Kecrosis of Uio 
putamen with reactive status marmoratus at some levels. Patchy cortical 
devastation. General vascular sclerosis. 


Case 11. Pamily history was negative. There were seven siblings older 
than the patient who were said to be norm.al. During the second month of 
pregnancy with S. C. the mother was in an automobile accident. One report 
indicated tliat she had worn a brace for a spinal injurj’, but it is not known 


whether or not this followed the accident mentioned above. The patient was 
a full term normal delivery, but was a “blue baby." She had never been well 
■since birtli, and had a long historj' of indefinite vomiting with much difficulty 
in keeping food down. Along with the vomiting attacks, the child would co’ 
and become cyanotic, with ensuing rigidity of the whole body. These attacks 
were numerous on some d.ays, and bore no rolatioasliip to meals. Tho patient 
was admitted to the Wrentham State School At the ago of seven years. Site 
was (Wtrcmely untidy, uncooperative, and difficult to care for. She did not 
react to any que.stions or comments and showed vciy litflo intcrc.st in things 
going on about her. She made purposeless movements with her amvs and was 
aide to walk around with a clumgj'fgait.- Tlie reflexes were hyperactive. Cir- 
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cumference of head was 46| cm. (18|")- She died at the age of seven years 
six months. ’ 

At time of autopsy she was a well-nourished but small, under-develop.ed child 
with a body wei^t of 38 pounds and a length of 110 cm. The hands were 
small, the fingers small and thin. The legs'were outstretched and the feet in an 
equinovarus position. There was much spasticity of knee and ankle joints. 
The 'dura adhered to the skull. It appeared thickened, showed many spots of 
bluish discoloration. The leptomeninges were found highly congested. The 
brain weighed 870 gm. The veins of the Sylvian fissure were much congested 
and the whole region appeared dark bluish in color. 

Microscopic examination revealed extreme cortical congestion with all capil- 
laries tightly filled vdth blood and enlarged. The perivascular tissue was 
sclerotic -and the brain tissue necrotic. The cortex showed many areas of 
devastation. The leptomeninges were fibrotic and congested. All the ventri- 
cles were enlarged. The surroimdings of the third and fourth ventricles showed 
gliosis and congested vessels with many smaller recent hemorrhages. In the 
dentate nucleus of the cerebellum there was an area of softening. 

The spinal cord was negative. 

Pathological diagnosis: Diffuse brain atrophy with dilation of the ventricular 
system. Diffuse cortical devastation. Vasoparetic congestion. Capillary fi- 
brosis. Perivascular necrosis and demyelination. 

Case Family history was negative. Our patient was bom in 1932. The 
child was delivered by an elective Caesarian and there was considerable diffi- 
culty in resuscitation. Birth weight was 5 pounds, 6 oimces. Although the 
child cried very little during the first three months the parents were not con- 
cerned until the child failed to sit up. At the age of two years the child could 
not sit up, nor had she made any attempt to talk. At that time she was ad- 
mitted to a children’s hospital. She was a well-developed, idiotic child. Her 
eyes followed light only occasionally. There was marked hypermobility of all 
joints. Fingers were long and tapering. X-ray showed pronounced enlarge- 
ment of lateral and third ventricles and a marked excess of air over the periphery. 

The patient was admitted to the Wrentham State School at the age of two 
years, four months. Her height was 35 inches, weight 21^ pounds. Circum- 
ference of the head was 47 Cm. (ISJ"). Her behavior was restless and resistive. 
She cried during the entire examination and showed general tremors of the 
head and peculiar movements of the arms. The head appeared flattened at 
the croum, especially on the right side and in back. Frontal bosses were promi- 
nent. Pupils were unequal, the right being slightly larger than the left one. 
She did not stand or walk. The reflexes were only slightly increased. She 
died at the age of five years, nine months. 

The autopsy showed a nice-ldoking, well-developed child of about six years 
with a body length of 103 cm., and a head circumference of 48 cm. The arms 
were bent and slightly spastic. The legs were flabby, and the thighs abducted. 
The feet were stretched out and slightly spastic. The brain did not completely 
fill the brain cavity. There was a rather large space between brain and cal- 
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viirium, and much spinal fluid came out uhen the dura nas opened, llrain 
« eiglit n as 1220 gm. It appeared nsj'mmetrical. The right occiput n as more 
dcpicssed than the left. The brain nas e\tremely congested. All the veins of 
the peripheiy neie filled nith dark blue blood. The leptomcningos ncre thick- 
ened. There nas some fluid in the sub-arachnoid space. There weie many 
small hemorrhages on the surface of the brain. 

Spinal cord was negative. 

Pathological diagnosis: General atrophy of the brain nith enlaigemcnt of the 
vcntiicles. Aieas of devastation weic found all over the cortex. Leptomenin- 
gcal fibrosis. E\ti cine ^ asoparetic stasis n ith perivascular fibi osis and neci osis. 
Multiple small hemorihagcfe, old and recent. 

Case 13. History of father indicated instability and occiusional alcoholism. 
Mother was of average intelligence She was at a Ij’ing-in hospital six times 
for dehveiy by Caesarian section, because of a contracted pelvis through which 
it would have been imiiossible to deliver a living child. Hci fiist child was 
normal. Tlie second died ten houis after biitli because of prematurity. The 
» thud child was stillborn, ancncephalic. The fourth and fifth children wcie 
nonnal. The sixth child, our patient, was also delivcied by Caesarian section, 
aftei her birth the mother was sterilized. Oiir patient wits at first considered 
normal, but at the end of the first year it was noticed that she could not lift her 
head. 

At the age of two yeais .she was seen at the ■Wronthnm State School Out- 
Patient Department, where internal strabismus was noted. The child was 
(heerful and playful, but made purposeless motions with arms and legs and was 
unable to walk. At the age of three years she learned to walk. She vomited 
tciy fieciiiently. 

A. II. was admitted to the Wrentham State School at four years of age. Shu 
walked about in an aimless manner, sucking her thumb continuously. She 
showed no interest in her surroundings, and liid not talk. Her body length 
was 3 feet, weight 211 pounds. Circumference of head was 47 cm. (18}"). 
Epilciitio seizures were ohscn-cd at the age of eight years At that time she 
did not seem to walk (piite as well as .«hc had before, and was not interested in 
unvthing. She had eiiileptie seizures frequently after that time. At thirteen 
yeais, of age seven to fifteen seiziiics were reeorded monthl.v. These increased 
up to thirty-two during some months. The patiend tiied at the age of fifteen 
.tears, eight months. 

At autopsy the body measured 1.32 cm. Circunifcrcnce of the head was fS.l 
cm. The body was normally det clojied for its age. llcmoval of the calvarium 
was extremely diflic iilt because of the tight adhesions between dura and calva- 
rium. The hrain appe.ircd greatly congested, small, and did not fill the brain 
c a\ ity It weighc'd 95.3 gm. 

Spinal rord was iiegutivc from a decelopmeiital point of view, hut showed 
ilegeneratioii of the pyramidal tracts 

i he pathological diagnosis was nhiuist identical with that of Ca-sc 12, (38/10). 
Hie eorti’x sliowcsl x.vsopin'tic congestion and stasis with x'aseiilar fibrosis and 
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perivascular necrosis, patchy devastation and demyelination in the course of 
the vessels, general atrophy of the brain, the left hemisphere smaller than the 
right. There was leptomeningeal fibrosis. The basal ganglia showed as 3 Tn- 
metry between right and left. The putamen showed slight status marmoratus. 
A few myelinated plaques were found in the thalamus. 

Case 14. {38/21). D. E. Both parents were young, normal, well-to-do 

people. Our patient Avas the third child, delivered by high forceps, Avith a birth 
AA^eight of 6 pounds, 2 ounces. Child had a prominent caput succedaneum, and 
AA^as resuscitated AAntli difficulty. DeA’^elopment AA’^as sIoav. He Avas a feeding 
problem, and at six months developed spells featured by refusal of food and 
difficulty in SAA^alloAAing. He cried frequentty in a high-pitched voice, ate 
poorly AAith frequent regurgitations and drooling. 

X-rays of the skull at the age of tA\'o years shoAA'ed considerable symmetrical 
dilation of the ventricles AAuth evidence of cortical atrophy. Physical examina- 
tion shoAved a rather enlarged head AA’ith prominent frontal bosses, active re- 
flexes, and positive Babinski. 

Neurological examination at the age of three years reAmaled a head circum- 
ference of 50.5 cm. (19. 1")- Shape of head aa’hs slightly indicatwe of hjffiro- 
cephalus. The arms and hands A\'ere hypotonic, but the arm reflexes actiA’-e. 
"\ATien the child became more excited, purposeless motions A\dth tremor and 
athetosis AA’-ere observed. The legs AS'ere bent at the hip and knee j oints. Muscu- 
lature AAms flabby. Knee and ankle jerks AA'ere increased. Babinski Avas present 
on both sides. The child did not sit up. The legs Avere completelj’- paralyzed. 
Spastic paraplegia. The mental attitude AA'-as listless. No reaction to light 
or sound. 

The patient died at the age of three years, four months. At autopsy the 
brain appeared large, AAith dilated Amntricles, and Aveighed 1300 gm. The 
results of the microscopic examination AA^ere identical AA'ith those of the tAAm cases 
previouslj^ described. The outstanding features AA'ere the extreme cortical 
Amsoparetic congestion and diffu.se cortical atrophj'- AAith AAidespread areas of 
devastation and perivascular demjmlination. The mesenchymal tissue shoAved 
extreme fibrosis. 

Spinal cord AA'as negatWe, from a dcAmlopmental point of AdeAA^ 

Case 15. {S8/30). M. C. Family history Avas non-contributoiy. There 

Avere three normal living siblings, tAA'o older and one younger than our patient. 
Another child died of meningitis. M. C. A\ms born in 1915. There AA'as little 
information about the birth, Avhich aa'us said to have been noimal, or about her 
bchaAnor during the first fcAA' AA’eeks of life. It is, liOAA'eA'er, definitelj'^ knoAA’n 
that she had convulsions Avhen about fiA'c Aveeks old. Peculiarity Avas first 
noticed AA'hen she failed to sit up or to attempt to Avalk. The head Avas flat- 
tened in the back and the patient rolled from one side to the other. Convul- 
sions Avere again observed at the age of two years. Patient Avas examined in 
oui- school at the age of four years. She had internal strabismus and inequality 
of the pupils. Tlie head appeared broad. At the age of six or seA'en j'ears she 
learned io Avalk alone, and after that time she Avas able to Avander about. She 
fed herself, but Avas never able to talk. Her general development Avas much 
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rolardccl, and at the age of nine she did not appear much more tlian foui years 
of age Her gait nas always a little unsteady and hesitant After the age of 
thirteen, she had epileptic seizures and periods of crying whicli were considered' 
einlcptic equivalents. The seizures became increasingly frequent, and many 
attacks were ohsoned monthly. At twenty-three and one-half years she died 
in an epileptic status which lasted four days, and which was intciruptcd only 
for shmt periods. 

At autopsy the calvarium was cxtiemely heavy. The fiontal bone mensuicd 
! 5 cm. in thickness. The brain did not entirely fill the brain cavity, and a 
space of about one-half inch was found between brain and dura. The lepto- 
meninges were of grajdsh-whitc coloi. *rhcrc was an iiiciease of fluid in the 
suh-arachnoid space. The brain weighed 1010 gm. Tlierc weic many small 
hemorrhages upon the convexity, some recent, but some well-oiganizcd. The 
lateral ventricles weie enlarged. 

Microscopic examination; The brain was dis-sceted m frontal sections A 
hemispherie section at the level of the optic chiasm icvealcd a stiiking difference 
between the right and left .sides. The left caudate nucleus was w ell-devclojied, 
hut the capillaries wcic congested and there was one laige myermated plaque 
in the rostral lateral part of the caudate nucleus The largci x easels wcic 
tightly filled and enlarged. Theie was some peril ascular necrosis and some 
suh-cpcndymal gliosis along the lateral wall of the lateral xcntiicle. The 
internal capsule and the iiiitamcn were fairly normal. Both veins of tlie septum 
pollucidura were grc.atly enlarged and bulged into the ventricles. On the right 
side the caudate nucleus was icduced to less than half of its normal size and the 
lateral xentricle was enlarged according to the reduction of the caudate nucleus. 
Beneath the ependymal wall thcie was a large area of softening and iieciosis 
which was partly organized through some mesenchymal septa. The internal 
capsule was interrupted, partly demyelinated, and contained a cystic eaxitj’. 
.\t the foot of the internal capsule, its structure was confiiscfl xxith that of the 
globus pallidus, which was reduced to a mass of myelinated fibcis,. The iwita- 
nien showed an increase in mycliuation. Its x’cs-cls were greatly enlarged and 
hlleil with blood. The vessels at the base of tlie brain, between the temporal 
lobe and the bas.d ganglia, were abo enlarged and congested. The coilex of 
the frontal and temiioral lobes sliowcd stiiking capillarj- fibrosis Tlie conx’ohi- 
tioiis were atiophic and cox'ered xxith fibrotie lepfomeniiiges in which large and 
tightly filled xcssels were sucpL'mled. Some xcssels xvere thrombosed. 'Ph,. 
gray matter allowed areas of dex-astation and eonfusion of the architecture, and 
the xxhite matter showed perix’aseulnr demyelination. 

On the next hemispheric section at the lex-el of the anterior eommis.sure, the 
left side slioiuxl about the same rtructure as described l«>fore Th(> globus 
pallidus was larger at this level, but the dix-ision in two parts was eoiifus<Kl. 
I he XI nil tenniiialis was enlarged, and peiixaseulai neirosis mid gliosw coit- 
siaeuoiis The xeins of the septum |>elhieidum were partly thiomhosed. The 
autirior commissure shim ed areas of necro-is and deiiiyeliiiatioii. On the 
nght sale, the rt'duetioii of the r.ualate nurleiis was eonspUuims, and tlu sub. 
e|«iid.vnial mero-is more extemhal. Some thniiubntie xesseK wen- found. 
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The globus pallidus was larger, but definitely disorganized. The putamen 
showed one area of necrosis and some increase in myelination in the lateral 
portion. The vessels were enlarged, and perivascular necrosis was conspicuous. 
The corte.\' showed the same congestion all around. Especially striking was the 
leptofibrosis about the gjTus cinguli on the right side, where the atrophic cortex 
showed some scar formation around the hj’-peremic thrombosized vessels. A 
similar picture was noticeable around the temporal lobes. Here the areas of 
devastation and necrosis were marked. 

On the next frontal section, about 5 mm. behind the last, the sub-ependymal 
necrosis on the right side and its relationship to the vena terminalis was evident. 
The necrosis involved the globus pallidus. The internal capsule was inter- 
rupted and partly demyelinated. At this level, subependymal necrosis was also 
recognizable on the left side in relation to the vena terminalis. The globus 
pallidus was disorganized. The picture of the cortex was the same as described 
before. 

On the next level, tlirough the columns of the fornix, the abnormality of the 
basal ganglia was less marked, but dilation of the venae terminales and their 
tributaries, and perivascular necrosis were conspicuous. The cortex was atrophic 
and large thrombosed vessels covered the convolutions. 

At the level of the beginning of the optic tracts the structure of the basal 
ganglia was almost normal, but the interruption of the internal capsule on the 
right side and lesions in the anterior and lateral nuclei of the thalamus were 
conspicuous. The choroid plexuses were partly atrophic, and the vessels greatly 
enlarged. 

At the level of the mammillary bodies a large area of degeneration with 
mesenchymal organization was foimd in the medial nucleus of the thalamus, 
and in the massae intermediae. The surroundings of the third ventricle were 
gliotic. The vena terminahs on the right side was thrombosed and showed 
perivascular fibrosis. The cortex showed the same picture all around as de- 
scribed above. 

Spinal cord showed no developmental abnormality. 

Pathological diagnosis: Cortical atrophy. Vasoparetic congestion and capil- 
lary fibrosis. Leptomeningeal fibrosis. Enlargement of lateral ventricles. 
Extensive sub-ependjTOal necrosis along the vena teiminalis on the right side. 
Necrosis in the thalamus of the left side. 

Case J6. {40152). M. W. Parents were normal and in good health, with 

the exception of high blood pressure which the mother developed during preg- 
nanej^ vith the patient. J\'I. W. Avas the older one of tAVO children, the sister 
being normal. The birth aabs premature, induced by bagging on account of 
the mother’s high blood pressure. No infonnation about the early historj^ Avas 
available. Patient aabs born in 1928. BackAA-ardness aabs noticed AA’hen the 
child made no effort to Avalk or talk. At the age of six years conAoilsions Averc 
observed. At that time she had a peculiar and aAA'kAA-ard gait, AA'alking on her 
toes. She also had the habit of shaking her hands from the AAU-ists. 

jM. W. Avas admitted to the Wrentham State School at the age of six years, 
at AA'hich tune she appeared to be a AA’ell-developed, Avell-nourislied, restless. 
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clumsy, and awkward child. Her posture was remarkably poor. She had an 
asymmetrical face. Reflexes were hyperactive. Circumference of head was 
49.5 cm. (19J"). She had apparently no epileptic seizures between 1934 and 
1939, when seizures again occurred, and these continued at irregular intervals 
until’ the time of her death in 1940, at the age of twelve years, four months. 

At autopsy M. W. was a well-developed girl with n body length of 140 cm. 
and a head circumference of 50 cm. (20"). The brain weighed 1124 gm. The 
sub-arachnoid space about the convexity was cloudy. There was atrophy of 
the brain with deepening of the sulci. The brain sliowed patchy thickening of 
the Icptomcninges, with increase of the vessels, which were enlarged and partly 
thrombosed. The underlying convolutions were depressed and submerged. 
The cortex was atrophic. In the region of the right vena terminalis the 
ependvTnal wall was lifted and there was some sub-cpendjunal necrosis. All tlio 
tributaries were enlarged and tightly filled with blood. The lateral ventricles 
were enlarged ex vacuo. There was another hemon hagie region in the thalamu.s. 

.Spinal cord showed no developmental abnonnality. 

Patliologic.al diagnosis: Hrain atrophy with Icptomeninge.Tl fibrosis. Vaso- 
Iiarctic congestion of cortex. Devastation and perivascular dcmyclination. 
Sub-ependymal softening and enlargement of right vena terminalis. Hemor- 
rhagic necrosis in thalamus. 

Case 17. (42/7S). S. M. Roth parents were above average, botli in 
intelligence and social standing. One older child was normal. The birth of 
our patient in 1939 was said to have been a full term normal deliver 3 ’', with a 
birth weight of C) pounds. The private obstetrician who delivered the child 
considercrl the birth uneventful. The child’s retardation was not recognized 
until several months after birth, when .she failed to show any interest in her 
surroundings, and did not sit up. She was .seen in a children’s hosiiital at the 
age of two years, when she. had a convergent strabismus. Head circumference 
was 41) cm. (IS)"). Spinid fluid was normal. Encephalogram showed blunting 
and enlargement of the Intend and third ventricles, most marked in the po.sterior 
horn of the left lateral ventricle. There was excessive svdiarachnoid and a small 
amount of subdural air. 

The child was admitted to the Wrcntlinm State School in 1941, at the age of 
two years and .seven months. She was a helplc-ss and fussy child, who plaj-cxl 
a little with toys but. soon lost interest and dropped them easily. Her height 
was 30 inches and her weight 23 pounds. She was an attractive child, .although 
her facic.s was slightly a.sj-nimet rival. She had alternating internal strnbi.smus. 
The right pupil wa.s .slightly larger than the left, and both reacted sluggishly 
to light. The skidl was verj- a.s}-n)metricnl, and laterally posteriorly flatteneri. 
There wa.s slight cyanosis of the nail beds. ’I’lie knee jerk.s were hyiieractive. 
Epdeptie seir.ove.s were not reporleil, but the child dic'd suddenly five months 
liiter at the age of two j-ears, ten months. She became .suddenlv c.vanotic and 
gasped for breath. 

-H autoiisj- the calvarium appe.ared extremely thin. The brain was large 
and was found pre.-.sing against the ralvnrium. It weighed O.’k) gm. 

Micro'Vopic c'xamination: The cortex sliowt'd an extreme degree of vnso- 
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The globus pallidus was larger, but definitely disorganized. The putamen 
showed one area of necrosis and some increase in myelination in the lateral 
portion. The vessels were enlarged, and perivascular necrosis was conspicuous. 
The cortex showed the same congestion all around. Especially striking was the 
leptofibrosis about the gyrus cinguli on the right side, where the atrophic cortex 
showed some scar formation around tlie h3^peremic thrombosizcd vessels. A 
similar picture was noticeable around the temporal lobes. Here the areas of 
devastation and necrosis Avere marked. 

On the next frontal section, about 5 mm. behind the last, the sub-ependymal 
necrosis on the right side and its relationship to the vena terminalis Avas eAudent. 
The necrosis involved the globus pallidus. The internal capsule Avas inter- 
rupted and partly demyelinated. At this level, subependymal necrosis Avas also 
recognizable on the left side in relation to the vena terminalis. The globus 
pallidus Avas disorganized. The picture of the cortex was the same as described 
before. 

On the next level, through the columns of the fornix, the abnormality of the 
basal ganglia Avas less marked, but dilation of the venae terminates and their 
tributaries, and periAmscular necrosis AAm'e conspicuous. The cortex AA^as atrophic 
and large thrombosed vessels coA'^ered the conAmlutions. 

At the leA’-el of the bcgmning of the optic tracts the structure of the basal 
ganglia Avas almost normal, but the interruption of the internal capsule on the 
right side and lesions in the anterior and lateral nuclei of the thalamus Averc 
conspicuous. The choroid plexuses AA'ere partly atrophic, and the vessels greatly 
enlarged. 

At the level of the mammillarj’’ bodies a large area of degeneration Avith 
mesenchjmial organization Avas found in the medial nucleus of the thalamus, 
and in the massae intermediae. The surroundings of the third A'^entricle AA'ere 
gliotic. The A’ena termmalis on the right side AA^as thrombosed and shoAA^ed 
perhmscular fibrosis. The cortex shoAA'ed the same picture all around as de- 
scribed aboA'C. 

Spinal cord shoAved no deA'^elopmental abnormahty. 

Pathological diagnosis: Cortical atrophjL Vasoparetic congestion and capil- 
lary fibrosis. Leptomeningeal fibrosis. Enlargement of lateral A’^entricles. 
Extensh'e sub-ependjunal necrosis along the A^ena teiminalis on the right side. 
Necrosis in the thalamus of the left side. 

Case 16. {40f6£). M. W. Parents AA-^ere normal and in good health, AAdth 

the exception of high blood pressure AAdiich the mother developed during preg- 
nancA’’ AA'ith the patient. J\I. W. AA'as the older one of tAAm children, the sister 
being normal. The birth aa'Us premature, induced b}'^ bagging on account of 
the mother’s high blood pressure. No information about the earlj'^ histoiy AA’as 
aA’ailable. Patient aa’us born m 1928. BackAvardness aa’us noticed AA’hen the 
child made no effort to Avalk or talk. At the age of six years convulsions Avere 
observed. At that time she had a peculiar and aAA'kAA’ard gait, Avalking on her 
toes. She also had the habit of shaking her hands from the Avrists. 

M. W. Avas admitted to the Wrentham State School at the age of six years, 
at AA’hich time she appeared to be a AA’ell-deA’eloped, AA'ell-nourished, restless. 
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clumsy, and awkward child. Her posture was remarkably poor. She had an 
asymmetrical face. Kefle.\es were hyperactive. Circumference of head was 
49.5 cm. (19|")- She had apparently no epileptic seizures between 1934 and 
1939, when seizures again occuired, and these continued at irregular intervals 
until the time of her death in 1940, at the age of twelve years, four months. 

At autopsy M. W. was a well-developed girl with a body length of 140 cm. 
and a head circumference of 50 cm. (20")- The brain weighed 1124 gm. The 
sub-arachnoid space about the convexity was cloudy. There was atrophy of 
the brain with deepening of the sulci. The brain showed patchy thickening of 
the leptomeninges, with increase of the vessels, which were enlarged and partly 
thrombosed. The underlying convolutions were depressed and submerged. 
The cortex was atrophic. In the region of the right vena termmalis the 
ependj-mal wall was lifted and there was some sub-ependymal necrosis. All the 
tributaries were enlarged and tightly filled with blood. The lateral ventricles 
were enlarged ex vacuo. There was another hemorrhagic region in the thalamus. 

Spinal cord showed no developmental abnormality. 

Patliologieal diagnosis: Brain atrophj’ ndtli Icptomeningcal fibrosis. Vaso- 
paretic congestion of cortex. Devastation and perivascular dcmyelination. 
Sub-ependymal softening and enlargement of right vena terminalis. Hemor- 
rliagic necrosis in thalamus. 

Case 17. ^2/78). S. if. Both parents were above average, both in 
intelligence and social standing. One older cliild was normal. The birtli of 
our patient in 1939 was said to have been a full term noimal delivery, with a 
birth weight of Oi pounds. The private obstetrician who delivered the child 
considered the budh uneventful. The child’s retardation was not recognized 
until several months after birth, when she failed to show any interest in her 
surroundings, and did not sit up. She was seen in a children’s hospital at the 
age of two years, when she had a convergent strabismus. Head circumference 
was 4G cm. (18}"). Spinal fluid was normal. Encephalogram showed blunting 
and enlargement of the lateral and third ventricles, most marked in the posterior 
horn of the left lateral ventricle. There was excessive subarachnoid and a small 
amount of subdural air. 

The child was admitted to the Wrentham State School in 1941, at the age of 
two years and seven months. She was a helpless and fussy child, who played 
a little with toys but soon lost interest and dropped them easily. Her height 
was 30 inches and her weight 23 pounds. She was an attractive child, although 
her facies was slightly asjTnmetric.al. She had alternating internal strabismus. 
The right pupil was slightly larger than the left, and both reacted sluggishly 
to light. The skull was very nsj-mmetrical, and laterally posteriorly flattened. 
There was slight cyanosis of the nail beds. The knee jerks were hyperactive. 
Epileptic seizures were not reported, but the child died suddenly five months 
later at the age of two yearn, ten months. She became suddenly cyanotic and 
gasped for breath. 

.\t .autopsy the calvarium appeared extremely thin. The brain was large 
and was found pressing against the calvarium. It weighed 950 gm. 

Microscopic examination; The cortex .showed an extreme degree of vaso- 
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The globus pallidus was larger, but definitely disorganized. The putamen 
showed one area of necrosis and some increase in myelination in the lateral 
portion. The vessels were enlarged, and perivascular necrosis was conspicuous. 
The cortex .showed the same congestion all around. Especially striking Avas the 
leptofibrosis about the gjTUS cinguli on the right side, Avhere the atrophic cortex 
shoAved some scar formation around the hyperemic thrombosized vessels. A 
similar picture Avas noticeable around the temporal lobes. Here the areas of 
deA'^astation and necrosis AA'ere marked. 

On the next frontal section, about 5 mm. behind the last, the sub-ependymal 
necrosis on the right side and its relationship to the vena terminalis AA^as eAudent. 
The necrosis involved the globus pallidus. The internal capsule AA^as inter- 
rupted and partly dem 3 ^elinated. At this level, subependymal necrosis Avas also 
recognizable on the left side in relation to the Amna terminalis. The globus 
pallidus AA'as disorganized. The picture of the cortex AA-^as the same as described 
before. 

On the next level, through the columns of the fornix, the abnormality of the 
basal gangha AA'as less marked, but dilation of the venae terminales and their 
tributaries, and perivascular necrosis Avere con.spicuous. The cortex AA'as atrophic 
and large thrombosed vessels coA'ered the convolutions. 

At the leA'el of the beginning of the optic tracts the structure of the basal 
ganglia A\'as almost normal, but the interruption of the internal capsule on the 
right side and lesions in the anterior and lateral nuclei of the thalamus AA'erc 
conspicuous. The choroid plexuses AA'ere partly atrophic, and the vessels greatly 
enlarged. 

At the level of the mammillary bodies a large area of degeneration Avith 
mesenchymal organization AA'as found in the medial nucleus of the thalamus, 
and in the massae intermediae. The surroundings of the third ventricle AA’ere 
gliotic. The vena terminalis on the right side AA'as thrombosed and shoAved 
perivascular fibrosis. The cortex shoAA'ed the same picture all around as de- 
scribed above. 

Spinal cord shoAA’ed no developmental abnormality. 

Pathological diagnosis: Cortical atrophj'. Vasoparetic congestion and capil- 
laiy fibrosis. Leptomeningeal fibrosis. Enlargement of lateral A'entricles. 
Extensh'e sub-ependymal necrosis along the vena terminalis on the right side. 
Necrosis in the thalamus of the left side. 

Case 16. {1(0152). M. W. Parents AA'ere normal and in good health, Avith 

the exception of high lAood pressure AA'hich the mother developed during preg- 
nanej' AA'ith the patient. M. W. AA'as the older one of tAA'o children, the sister 
being normal. The birth AA'as premature, induced by bagging on account of 
the mother’s high blood pressure. No infoimation about the early history Avas 
available. Patient AA'as born in 1928. BackAvardness AA'as noticed Avhen the 
child made no effort to AA-alk or talk. At the age of six years conAuilsions Avere 
observed. At that time she had a peculiar and aAA'kAvard gait, AA’alking on her 
toe.s. She also had the habit of shaking her hands from the AA'rists. 

hi. ^Y. AA'as admitted to the Wrentham State School at the age of six years, 
at Avhich time she appeared to be a AA’ell-developed, AA'ell-nourished, restless, 
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clumsy, and an U aid child Her postuie i\as remarkably pool She had an 
asjmmetrical face Reflexes uere hypeiactive Circumfeience of head uas 
49 5 cm (19|") She had apparently no epileptic seizures betxxcen 1934 and 
1939, uhen seizuies again ocouried, and these continued at irregular intenals 
until the time of hei death in 1940, at the age of tuehe yeais, four months 
At autopsy hi W i\as a u ell-developed giil uith a body length of 140 cm 
and a head circumference of 50 cm (20") The brain ueighed 1124 gm The 
sub aiachnoid space about the oomexity xvas cloudy There mbs atrophy of 
the brain with deepening of the sulci The brain showed patchy thickening of 
the leptomenmges, with inciease of the vessels, which were enlarged and partly 
thrombosed The underlying convolutions were depressed and submerged 
The cortex was atrophic In the icgion of the light vena termmalis the 
ependymal w all w as lifted and there w as some sub-epend> mal necrosis All the 
tiibutaiies were enlarged and tightly filled with blood The lateral ventricles 
w ere enlarged ex vacuo Theie was another hemorrhagic region in the thalamus 

Spinal cord showed no developmental abnoimahty 

Pathological diagnosis' Brain atrophy woth leptomeningeal fibiosis Vaso- 
paietic congestion of cortex Devastation and perivascular demyelination 
Sub ependymal softening and enlargement of light xena teimmalis Hemor- 
rhagic necrosis in thalamus 

Case 17 {/i3/78) S M Both parents were above axerage, both in 

mtelhgoncc and social standing One older child was normal The biith of 
oui patient m 1939 xxas said to have been a full term normal delivery, xxith a 
1)11 th weight of Oj pounds The prixate obstetrician who dehveied the child 
considered the birth uneventful Tlic child’s ictaidation was not lecognized 
until sexeial months after birth, when she failed to show any inteiest in hei 
surroundings, and did not sit up She was seen m a childien’s hospital at the 
age of two years, when she had a conxcigcnt strabismus Head circumference 
was 10 cm (18}") Spinal fluid was noi mal Encephalogi am showed blunting 
and enlaigemcnt of the lalcial and third xentiicles, most marked m the postenoi 
horn of the left lateral vent ride 1 hero w as cxccssix e subai aehnoid and a small 
amount of subduial air 

'Ihe child was admitted to the Wienth.im State School in 1941, at the age of 
two years and seven months She xvas a helpless and fussy child, who played 
a little with toys but soon lost intciest and dropped them easily Hei height 
was 30 inches and her weight 23 pounds She was an attractixe child, although 
her f icies was slightly asjTnmetrical She had alternating internal strabismus 
'the right pupd was slightly largci than the left, and both reacted sluggishly 
to light The skull was xoiy asymimctrical, and laterally posteriorly flattened 
Theic was slight cyanoses of the nail beds The knee jerks wcie hypoiactive 
Epileptic seizuics woic not reported, but the child died suddenly fixe months 
latei at the age of two years, ten months She became suddenly cyanotic and 
gasped for breath 

M autopsy the calxarium appeared extremely thin The biam was Urge 
and was found jirossing against the calxarium It weighed 950 gm 

Mieioscopic examination The cortex showed an extreme degree of vaso- 
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paretic congestion with capillary and leptomeningeal fibrosis. The cortical 
layers shoAved devastation and the white matter demyelination along the course 
of the straight veins. The lateral ventricles were enlarged and the corpus 
callosum A'-ery thin. The A'-enae terminales Avere tightly filled AA'ith blood, en- 
larged, and there Avas an area of sub-ependj'^mal necrosis upon the anterior 
nucleus of the thalamus on the left side. The posterior horn of the left lateral 
A’’entricle Avas greatly enlarged and shoAved slight ependymal proliferation. 

The spinal cord'shoAved no deA’-elopmental abnormality. 

Pathological diagnosis: Cortical atrophj'^ Avith A'^asoparetic congestion. Capil- 
lary and leptomeningeal fibrosis. Patchy devastation and demyelination along 
the course of the straight A^eins. Enlargement of the lateral A’^entricles. Reduc- 
tion of corpus callosum. Dilation and periA'ascular necrosis in the region of 
the A^enae terminales. Marked degeneration of the dentate fascia of the hippo- 
campus. Areas of softening and degeneration in the cerebellum. 

Case 19. The family history AA'as non-contributory. There AA^ere four children 
older than our patient, all considered normal. Our patient, Margaret, Av^as a 
high forceps delReiy, labor lasted eighteen hours, and the patient received 
lacerations about the face and forehead AAuth moulding of the head. DeA^elop- 
ment AA'^as sIoav and retardation became conspicuous AA'-hen child failed to sit up 
or to take notice of her surroundings. She did not learn to Avalk or talk. She 
Avet and soiled her bed and clothing. '\\Tien she Avas admitted to the Wrentham 
State School at an age of three years and seA'^en months, she Avas a pale and 
rather good looking youngster aaRo could not sit up. She had marked frontal 
bosses and a depressed loAA'’er forehead. She clapped her hands and uttered 
peculiar noises like a six months old baby. She died at an age of tAA^elve years 
of intestinal trouble. 

The braui Avas small AA'eighing 980 gms. Along the sagittal sinus there AA'ere 
many residues of epiduras hemorrhages, especially aljout the precentral region. 
The leptomeninges Avere partly fibrotic. Microscopic examination revealed 
patchy areas of deA-'astation spread all OA'^er the cortex. Leptomeningeal fibrosis. 
The lesions Avere identical Avith those described in detail in previous case records. 

Case 21. The father Avas a clergyman and both parents Avere considered of 
high intelligence. There Avere four brothers and tAvo sisters, all of them noimal. 
Patient Avas a full term babj' and there is no report aA'^ailable about birth and 
early infanejL He had seA’-eral coiiAmlsions in early life. The peculiarity Avas 
noticed AAdien he failed to deA^elop like other children, and it became more and 
more conspicuous AA'hen the boy did not talk. He learned, hoAveA'^er, to Avalk. 
He remained a Ioav grade boj’^ AA'ith a mental age of only 1 year and six months, 
■^^fiien he died at an age of tA\'enty-nine, the brain Avas unusually heaAy, Aveigh- 
ing 1650 gms. This Avas due to some increase in fluid. The brain Avas dissected 
in frontal sections and stained b 3 ’- numerous standard methods. Microscopic 
examination revealed cortical atropliA’- AAith focal devastation, focal lepto- 
meningeal fibrosis, enlargement of the lateral ventricle and atrophj’- of the 
caudate nucleus. The central AA’hite matter shoAA^ed marked demyelination. 
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PLATE I 

Fig 1 (Upper lelt). Case 3, a [emalc cliUd wlio died at an age of thirteen years. 
Superior view of both hemispheres. The left occipital lobe shows granular atrophy with 
sclerosis of the convolutions and shrinkage. The convolutions in front of the lesion are of 
normal size and show normal vascular patterns. The lesion corresponds to the distribution 
of the posterior cerebral artery. The right hemisphere shows destruction to a greater ex- 
tent. The occipital pole is destroyed in the same way as on the left side but the lower parts 
of the parietal and central convolutions arc also destroyed. The whole hemisphere is 
smaller th.an the left side but the intact convolutions are of normal structure. The lesions 
on the right side correspond to the distribution of the posterior and medial cerebral nr- 
leries. 

Fig. 2 (Upper right). The same case, view (rom behind. Note the sderogyric convoiu- 
lions at the edge of the lesion. These small “microgyric” convolutions are the product of 
atrophy and are not to be confused with true microgyria, ns a result of antenatal develop- 
mental pathology. 

Fig. 3 CDotlom). At tlie left, Case 5, a female child who died at an age of 7 years, 11 
months. The right hemisphere is atrophic and sclerotic with enlargement of the lateral 
ventricle. The left hemisphere appears belter developed but is covered with thickened 
leptomcninges and is of soft consistency. Clinically, the child showed cpiadroplegia. 
Microscopic examination revealed in addition to the lesion of the right hemisphere, cystic 
lesions in the left hemisphere. The morbid process was caused by complete obstruction of 
the sagittal sinus, and not by arterial occlvision. 

The bruin at the right is from Case 4 , a male who died at an ago of twenty-two years. 
The lesion is restricted to the left hemisphere which showed complete mantle sclerosis. 
The right hemisphere was fairly well developed. Clinically, the patient had a right hemi- 
plegia but developed remarkable skill with his left hand and foot, and u'as able to talk. 

PLATR II 

Fig. 4 (Upper loft). Drain of Ca.se 7, a female child who died at the age of two years. 
Note the hemorrhagic, fibrotic organized leptomcninges about the superior frontal lobes 
and both central convolutions. 

Fig. 5 (Upper right). Myelin stain of thalamus, insula and Sylvian fissure. Note 
tlic smaller and larger cysts in the subcortical layers of the insula. The cortex is still well 
preserved except immediately above one larger cyst. Myclination is incomjdctc. 

Fig. G (Center left). Section through another level of basal ganglia. The internal cap- 
sule is partly ilestroycd. The lateral ventricle is enlarged. Some of the suheortical cysts 
are filled witli a fine fibrotic moshwork. 

Fro. 7 (Center right). Myelin stain demonstrating the cysts in the ^Yhite matter. The 
small cysts arc filled with meshwork hut in the larger cysts the fibre strands arc ruptured 
or displaced to tlic edge and tlio cysts arc filled with fluid. There is no connection witli 
the lateral ventricle. 

Fig. 8 (Lower left). Horizontal section Ihrougli brain of the same case. Note the many 
cysts of different sizes in the right hemisphere but also in the left liemisphcrc. Both lateral 
ventricles arc greatly enlarged. 

Fig. 9 (Lower right). Horizontal section through brain of Case 0, a female infant who 
died at an age of three yeans. At this level two large cysts are recognizuhlc, one filling tlve 
whole temporal lobe and one in the right frontal lobe. The cysts show some fibrotic mesh- 
work. The cortex about the cysts is degenerated hut small remnants are still recogniz- 
able, The leptomcninges arc greatly thickened about the cystic wall and there is no 
communication with tlie subdural space. 
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PLATE III 

Fig. 10 (Top). Sagittal section through the brain of Case 12, a female infant who died at 
the age of six years. Note the normal leptomeninges (on the left side) about the occipital 
region. On the right side, the central and frontal convolutions are covered with greatly 
thickened leptomeninges in which large blood vessels are suspended. The subarachnoid 
spaces are filled with hemorrhagic organized tissue. The convolutions are partly sup- 
pressed especially the post central convolution “epileptogenic” lesion — Penfield. The 
frontal convolutions are tilted and flattened. 

Fig. 11 (Center). Case 16. Sagittal section through one hemisphere. Note the same 
situation as in Figure 10. The occipital lobe is free of lesions but the leptomeninges about 
the pre-central and frontal convolutions are greatly thickened. There are many suppressed 
convolutions and the subarachnoid spaces are filled with organized hemorrhagic tissue. 
The suspended vessels are enlarged and congested. There are also hemorrhages in the thal- 
amus and in the subependymal tissue on the floor of the lateral ventricle. The vessels of 
the lateral ventricle are enlarged and congested. In the fresh specimen, residues of sub- 
ependymal hemorrhages were recognizable. 

Fig. 12. (Bottom). Part of frontal cortex of Case 15. Myelin stain. Note the central 
demyelination in the white matter and the bulb-like enlargement of the m}’elinated cores 
in two convolutions. The gray matter shows areas of atrophy recognizable by the grayish 
white color. There are many patchy areas of devastation. 

PLATE IV 

Three Frontal Sections through Brain of Case 15. Myelin Stain 

Fig. 13 (Top) . Shows a section at the level of the anterior commissure. The right lateral 
ventricle is enlarged due to depression of the caudate nucleus. There is a subependymal 
necrosis all along the ventricle wall. The tissue shows some fibre meshwork in which the 
enlarged terminal vein and its branches are suspended. The internal capsule is interrupted 
and blotted out. There is one cyst within the internal capsule. 

The surroundings of the left terminal vein show some necrosis. Note also the fibrotic 
leptomeninges on the right gyrus cinguli above the corpus callosum. 

Fig. 14 (Center). Frontal section more caudal to Figure 13. The subependymal necrosis 
on the right side is marked. The internal capsule is partly blotted out and shows smaller 
necrotic areas which are also seen in the globus pallidus. At this level there is also subepen- 
dymal necrosis on the left side and the terminal vein appears thrombosized. Both lateral 
ventricles are enlarged and are asymmetrical. 

Fig. 15 (Bottom). Frontal section at the level of the mammillary bodies. There is a 
large cyst filled with meshwork in the left thalamus and a smaller one above the third ven- 
tricle. The frontopontine tracks on the left side are demyelinated. The pallido-sub- 
thalamic fibres are also degenerated on that side. 
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The occurrence of a cliaractcristlc type of periplicral nen'e disorder in patients 
vdih. diabetos melUtus has long been recognized. The earliest description has. 
been credited to Marchal de Calvi tvho in 186*1 (1) observ^ed pains of sciatic 
distribution and peripheral areas of anesthesia in diabetic patients and intro- 
duced the idea that neurologic lesions were the result of diabetes mellitus rather 
than the cause of this disorder. In 1881, Bouchard (2) called attention to the 
frequent absence of tendon refiexes in diabetics. In closely succeeding years 
there were many case reports published particularly in the French literature. 
In 1885 Althaus (3) described in detail the clinical sjTnptoms of diabetic neurop- 
athy noting in some cases the close similarity to those of tabes dorsalis. In the 
same year Leval-Picquechef (10) introduced the term pscudotalics and Pavy (4) 
in his description of the ncuritic symptoms of diabetics noted lightning pains, 
exquisite cutaneous hyperesthesia, and the nocturnal intensification of the 
ncuritic symptoms. Pryce (5, G) and Leyden (7) both in 1887 reported cases 
with necropsy findings and associated the neurologic abnormalities with disease 
of the peripheral nei-vcs. Pryce’s patient had perforating ulcers, ataxic sjmip- 

• Tho author is indebted to many bouse ofRccrs and members of the University Hospital 
staff for a.-wiistanco in this investigation, especially to Drs. Paul S. Barker, Richard H. Lyons, 
I^^'^’l^urgh, John D. Adcock, and D. B. Foster for making patients available for study, 
^ u ; ’ special roentgen studies of intestinal motility, to Dr. Robert T. 

1 lumb for many cystometric examinations, and to Miss Anna M. Light for dietary calcu- 
latioDS. 
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toms and the “glossy skin” described by Sir James Paget (5) as occurring in 
patients ^vith peripheral nerve disorders. Leyden (7) proposed a clinical classi- 
fication for peripheral nenm disease in diabetics as follows: 1) hyperesthetic or 
neuralgic form, 2) motor or paralytic form, and 3) ataxic or pseudotabetic form 
with peripheral sensory deficiencies, absent tendon reflexes, and absent pupillary 
reflexes. He reported 2 cases which although running a chronic course improved 
with dietary management. Auchd in 1890 (8) gave an extensive review of pre- 
wous work, added new cases to the literature, and attempted to reproduce 
experimentally the nerve lesions by injecting into them concentrated sugar solu- 
tions. Buzzard (9) compared the neuropathy of alcohohsm with that of dia- 
betes, noted evidence of degeneration of peripheral autonomic nerves, and found 
therapeutically that modification of the diet to achieve a reduction in the glyco- 
.suria was of definite benefit. Charcot (10) compared the neuritic manifestations 
of alcoholism, diabetes, and beri-beri, noted the complicating vascular lesions in 
diabetes, and described the steppage gait associated with foot drop. Other 
references to the early hterature as well as to publications appearing as late as 
1935 are given by Jordan (11). 

The neurologic complications of diabetes melhtus were thus clearly recognized 
more than 50 years ago. A perennial interest has since been manifested but, 
as noted by the late Kinnier Wilson (12), little has been added to the observa- 
tions of the early writers. In spite of the advancing knowledge in recent years 
regarding the nature and treatment of diabetes, including its complications, the 
subject of diabetic neuropathy has become more-confused. There has been Uttle 
agreement as to the etiologic factors, even a definite relationship to the natural 
lustory of diabetes has never been proved. The chnical characteristics are not 
well kno%vn, the diagnosis often being prefixed by “so-called” or “questionable,” 
and many have agreed vfith JoUiffe (13) who designates “diabetic” neuropathy 
a misnomer. CUnicians have recognized of course that other types of peripheral 
nerve disease such as those due to metallic poisoning, acute infection, trauma, 
etc., might occur fortuitously in patients with diabetes and that these should 
not be designated as diabetic in etiology. As to neuritic disease of less specific 
origin, several factors peculiar to the diabetic have complicated the problem of 
diagnosis and chnical investigation. Diabetes occurs in all degrees of severity, 
at different ages, and the chnical course is of many years duration. Diseases 
more or less intrinsicahy associated with diabetes may supervene. Peripheral 
vascular disease for example wliich is common in diabetics past middle age may 
be associated \rith neuritic symptoms. Some clinicians for this reason have 
considered diabetic neuropathy a “senile” degenerative change resulting from 
the sclerosis of peripheral arteries. Again, since the treatment of diabetes nearly 
always entails dietary modification there have been attempts, especially during 
the present era of ex-panding knowledge regarding the role of vitamins in nutri- 
tion, to demonstrate nutritional deficiencies in such diabetics as develop evidence 
of peripheral nerve disease. Apart from these factors, however, many have 
suspected that a specific neuropathy more intimately associated with the dis- 
ordered metabolism of diabetes melhtus e.xists. 
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A recent influx of patients ivith diabetes and associated neuropathy on the 
Medical Wards of the University Hospital has provided first-hand clinical ex- 
perience irith the condition and has led me to review the accumulated informa- 
tion dealing with the subject. In addition to the cases currently available for 
study the hospital records of all patients having this diagnosis registered in the 
7 year period following July 1, 1930, were analyzed. The cases reported here 
have thus all been seen during a period subsequent to the major advances in 
diabetic management and in diagnostic methods, as well as the availability of 
such therapeutic agents as protamine zinc insulin, purified vitamins, etc. In 
all there were 125 among the somew'hat more than 3000 new diabetic patients 
seen during the 7 year period in whom the diagnosis of diabetic neuropathy 
appeared to be based on adequate study and examination. Thirty-five of these, 
including all of the cases reported in detail; have been studied personally. Pa- 
tients in whom the diagnosis was questionable or who had other extensive disease 
such as massive gangrene, metastatic neoplasm, cerebral arteriosclerosis, etc. 
were not included. There were no patients with pernicious anemia or chronic 
alcoholism in the group. 

It will be apparent from the discussion to follow that .most diabetics who 
develop organic disease of the peripheral nerves have had antecedent periods 
usually of months or years duration of grossly neglected or poorly managed 
treatment. There is strong evidence that the disordered metabolism of diabetes 
mellitus itself is the ctiologio factor in tliis as well as other accompanying diabetic 
complications. Severe polyneuropathy may bo precipitated, sometimes acutely, 
after periods of diabetic neglect by common infections, surgical procedures, or 
other events notorious for aggravating the severity of diabetes. Not only may 
the peripheral motor and sensorj' neurons be involved but spinal nerve roots, 
autonomic pathways concerned with temperature regulation, postural blood 
pressure adjustment, vasomotor control, intestinal and bladder function as well. 
Difficulties in diagnosis and problems in treatment will be discu.ssed. Five cases 
of special interest will first be presented in detail. 


CASfe ncporers 

The firat case is presented as a typical instance of mild to moderately severe 
peripheral neuropathy appearing after a few montlis’ neglected treatment of a 
comparatively mild diabetes. 


M. G., »521512. This 49 year old, married saleswoman was first admitted to the hospital 
on March 8, 1913, coraplaininf; of diabetes and infected toes. Ilei general health had been 
eaccllcnt until Juno, 1942, at which time undue fatigue, increased tliirst, and polyphagia led 
to medical consultation and her first urinalj-sis which revealed a heavy glycosuria. In 
retrospect a slow loss of weight from 190 to ISO pounds had been noted during the preceding 
3^ years. Her physician diagnosed diabetes, outlined a diet, and advised the use of ini 
Euhn. The latter, however, was refused and she obtained elsewhere a preparation to take 
Subsequent urine evaminations continued to show heavy 

"■ I"".'" ■ ; ■ ■■■■ her weight decreased another 20 pounds. 

■' •: ‘w-c.akness compelled her to resign her nositino 

ricr legs began to ache and cramp, the calf muscles hccame sore, and sweating over the feet 
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and legs became less. There were occasional sharp, shooting pains in the lower legs. 
Chronic constipation developed for the first time and "double strength" laxatives were 
needed constantly. 

She developed a severe upper respiratory infection 3 months before admission which 
persisted 2-3 weeks. At this time her feet began to feel cold and numb, especially at night 
and after exposure to low temperatures. Her fingers became numb, tingled, and clumsy to 
the extent that sewing was difficult. Six weeks before admission she began to use a hot 
pad mghtly to keep her feet warm and alleviate a dull, aching pain that kept her from 
sleeping. Her gait became unsteady, it seemed as if she "walked on pegs,” and her ankles 
swelled. Five days before admission her right great toe became discolored and the lower 
leg blistered, which the patient attributed to a burn from the electric pad. When the toe 
became a dark purple in color and pus exuded from under the toenail, hospitalization 
was sought. 

Physical examination showed a well developed woman with evidence of recent weight 
loss. The pupils were small, round, equal in size, and reacted better to light than accom- 
modation. The optic fundi were free of hemorrhages and exudates. Her skin was clear, 
the tongue pink and without papillary atrophy. The biceps, triceps, and left patellar 
reflexes were weakly obtained, the right patellar and achilles reflexes were absent. The 
vibratory sense was slightly impaired over the lower extremities. Superficial pain and 
tactile sensibilities were diminished over the great toe and deep peroneal distribution on 
the left, with almost complete anesthesia in the comparable area on the right. There was 
increased muscle tenderness. Pus exuded from under the right great toenail and the skin 
over the tips of the first two toes was gangrenous. The feet were warm, normal in color, 
and the dorsalis pedis and posterior tibial arterial pulses were strong. 

Urinalysis showed a "4 plus” glycosuria without ketonuria. The fasting blood sugar on 
admission was 226 mg. per hundred cc. Blood counts and films were normal. Gastric 
analysis showed abundant free hydrochloric acid. A starch-iodine sweating test showed 
striking diminution in sweating over the lateral aspects of the lower legs and absent sweat- 
ing over the dorsal parts of the feet. Skin temperature studies given in detail below were 
interpreted as showing no impairment of arterial blood flow in the legs, but partial vaso- 
motor paralysis greater on the right side. 

Satisfactory diabetic regulation was obtained on an 1800 calorie diet with 150 gm. carbo- 
hydrate and 80 gm. protein, using 10 units of regular insulin, t.i.d. After 4 weeks hospitali- 
zation the infected toes had healed and she was symptomatically improved, although there 
was no definite alteration in the neurologic status. 

The second case was chosen as an instance of a severe type of peripheral nerve 
disease in a young diabetic. The diabetes appeared mild for years but was 
severely neglected and finally required large amounts of insulin daily for control. 
An atonic bladder paralysis Avas present and an extensive, hemorrhagic and 
proliferating retinopathy developed Avhile he AAms under observation. An un- 
usually good therapeutic result Avas eventually obtained. 

D. S., ^ 391721. The patient was first admitted to the University Hospital on October 26, 
1936 when 14 years old. He had been in good health until 1-2 months before admission 
when he became unduly fatigued and lost weight. Increased thirst, polyphagia, and 
polyuria followed. Two days before admission the family physician found glycosuria and 
adrised hospitalization. 

Physical examination showed a tall, well developed, school boy, 6 ft. 5 in. tall weighing 
94 pounds. There were no significant physical abnormalities. Urinalj'sis showed a 4 plus 
glycosuria but no diacetic acid. A glucose tolerance test showed a fasting blood sugar of 
148 mg. per hundred cc., and hourly values of 340, 418, and 482 mg. respectively. He Avas 
soon eating a 3000 calorie diabetic diet with 155 gm. available glucose. With small doses of 
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regular inaulin t.i.d. the glycosuria cleared. A few days after admission, however, malaise, 
anorexia, a low-grade fever and jaundice developed and the liver and spleen became palpa- 
ble. There was complete recovery in 3-4 weeks and it was concluded that he had bad 
catarrhal jaundice. The insulin was gradually withdrawn while he remained aglycosuric. 
He was discharged 7 weeks after admission on the low earhohydrate diet without insulin 

and weigliing 101 pounds. , 

Two months later it was found that he could tolerate 170 gm. available glucose in his 
diet but the urine contained sugar when it was raised to 185 gm. Accordingly the lower 

carbohydrate value was retained. ^ tt. . t a 

He was again admitted to the hospital on July 0, 1087 for tonsillectomy. His height was 
5 ft. Q\ in. and his weight 107 pounds. Following the diet with restricted carbohydrate his 
urine had remained sugar free, A glucose tolerance test after a 5 day preparatory high 
carbohydrate diet showed a fasting blood sugar of 87 mg. per hundred cc. and hourly values 
of 2(H, 296, 250, and 182 mg. respectively. It was considered safe for him to return to a 
general diet and return for periodic check-ups. 

He was not seen again, however, until November 4, 1942. Although his general health 
had been considered satisfactory until 1 year before, his weight had never exceeded 112 
pounds and there had been no weight gain in 2 years. His diet was an unrestricted farm 
diet including generous amounts of milk, fresh meat, eggs, fruits, and vegetables. The 
urine had not been examined for oVer 4 years. About 1 year before admission he had be- 
come chronically fatigued and unable to do more than light farm work. Frequent upper 
respiratory infections, sore, aching muscles, numbness and tingling about the lower legs 
and feet, and severe “shooting pains’' in the lower extremities had appeared and gradually 
became worse. Three months before admission his ankles began to swell during the day to 
the extent that wearing shoes was JifTicult. Low back and flank pain followed the devel- 
opment of a severe upper respiratory infection 5 weeks before admission and shortly after- 
ward polyuria and polydipsia rcappe^^red. Three weeks before admission, micturition be- 
came difficult and required strainiPB* He became severely constipated and had no bowel 
movement for 6-7 days at a time. One week before admission there was a low abdominal 
bulge. He was catheterized and nearly a quart of residual urine obtained. 

Physical examination on admission to the hospital showed a thin, under-nourished, 
chronically ill boy appearing less than his 20 years of age. His skin was loose and dry. 
The loft pupil was larger than the right but both reacted normally. The optic fundi were 
normal. The oral hygiene was poor, the tongue red but without papillary atrophy. The 
liver edge was palpable well bclov^' the costal margin. A flaccid bladder was felt rising 
4 cm. about the pubis. On cathetorization 1100 cc. of residual urine was obtained. The 
muscles of the extremities were thin, atrophic, and very tender to pressure. There was 
pitting edema to the knees bilaterally- The biceps, triceps, patellar, and achilles reflexes 
were absent. There was no Hoffmau or Babinski sign. Cutaneous, vibratory, and position 
senses were not definitely impaired- There was no evidence of impaired peripheral circu- 
lation. 

Urinalysis on admission showed a 4 plus glycosuria and small 5uaQu.ats of die.<ieUa 
and acetone. The blood cell coupts, hemoglobin concentration, and films were norma). 
The Kahn test was negative. The blood sugar on admission was 41G mg. per hundred cc., 
the plasma CO* combining power 54 volumes per hundred cc. The plasma ascorbic acid 
was 0.70 mg. and the total scrum proteins 7.6 gm, per liundrcd cc. with 2.6 gm. albumin. 
The spinal fluid was under normal pressure, clear, and contained no cells. The Pandy 
reaction was faintly positive, the total protoin 69 mg. per hundred cc., the colloidal gold 
curve 4333210000 and the globulin 4 plus. Cystomctric examination showed an atonic 
bladder paralysis with sense of filling absent, warm and cold sensibility impaired, and a 
largo amount of residual urine. 

The patient remained in the hospital 6 months. Diabetic regulation was difficult and 
very poor for three to four montlis, partly duo to a largo residua! Urine and a severe urinary 
tract mfection that developed, Tkoro was no improvement in bladder function in spite 
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of decompression, tidal drainage and so forth, and before discharge suprapubic cj'stotomy 
was required. 

Soon after admission punctate retinal hemorrhages and exudates appeared. Six weeks 
after admission his vision became cloudy and an ophthalmology consultant, finding macular 
edema, punctate and flame shaped hemorrhages, and extensive areas of exudate, diagnosed 
severe diabetic retinopathy, O.U. Six weeks later there had developed an extensive pro- 
liferating retinopathy with both fundi filled with new-formed, dilated and tortuous veins 
and capillaries with even more extensive deep and superficial hemorrhages but no further 
visual impairment. 

With diabetic control the liver receded until it was no longer palpable. His diet was 
supplemented with brewer’s yeast, thiamin, niacin and fish liver oil throughout a period of 
four months. He was discharged little improved and without objective change in the 
neurologic status. His insulin requirement on a 3000 calorie diet with 200 gm. carbo- 
hydrate and 90 gm. protein was 65 units of protamine zinc and 35 units of regular insulin 
daily. 

The patient W'as seen at intervals for another eighteen months. The diabetes remained 
well controlled: there was minimal glycosuria, the fasting blood sugar averaged about 
100 mg. per hundred cc., and there w'ere no significant insulin reactions. He gradually 
gained in weight and in strength, and became able to tolerate light activity about the 
home. In June, 1943, the retinal hemorrhages became less extensive and the pattern of 
the retinal veins more normal. 

Examination on November 17, 1943 showed a gain in weight to 131 pounds. The biceps, 
triceps, and ankle refiexes were absent, the patellar reflexes weakly present with reinforce- 
ment. There was no definite sensory impairment. A cystometric examination showed a 
sense of filling at 50 cc., a bladder capacity of 425 cc., and no residual urine. Hot and cold 
sensibilities were intact. An ophthalmology consultant found the retinopathy much im- 
proved, reporting only minimal pigmentary disturbance in the regions of former hemor- 
rhage, slight WTinkling and fibrotic scarring in different areas, a few new-forraed blood 
vessels and a rare rosette shaped hemorrhage, ''without a doubt the most astounding re- 
covery of a diabetic retinitis of this type and severity I have ever seen or heard of.” 

After a period of intermittent clamping the cystotomy tube was removed and normal 
urinary function reestablished. His further clinical course was uneventful. 

The third case is that of another young male with moderately severe diabetes, 
poorty treated for four years, with neuritic S3Tnptoms beginning shortly after 
dietaiy restrictions were abandoned. Grossly disturbed gastro-intestinal func- 
tion, an atonic bladder paralysis, and localized neuritic sjunptoms were present. 

H. C., 524359. This 14 year old schoolboy w'as first admitted to the University Hospital 

on April 21, 1943 complaining of pain about the scrotum and unregulated diabetes. His 
general health had been excellent until July 1938, when in a week’s time an insatiable thirst, 
polyuria, and leg cramps appeared. His weight rapidly dropped from 112 to 88 pounds. 
The family physician found a heavy glycosuria and admitted him to a local hospital for 
treatment. 'While there he became aglycosuric, the symptoms abated, and he gained 
weight. On discharge a measured diet was prescribed and 10 units of regular insulin 
twice dail 5 \ 

Three months later he fell from a swing and injured his back. A heavy glycosuria was 
again found and his family submitted him to chiropractic treatment for both the back 
injury and the diabetes. During the next four years the urine continued to show 3 and 
4 plus reactions for sugar, and polydipsia, polyuria and polyphagia were present most of 
the time. There was no coma and no known acidosis. The insulin dosage was not in- 
creased until 2 years after the onset when 20 units twice daily was given. His weight 
slowly increased to a maximum of 120 pounds and liis height increased 2 inches to 5 feet 
7 inches. 
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In June 1942, during the summer vacation he began doing heavy farm labor. The dia- 
betic diet prescribed 4 years earlier did not satisfy his appetite and he began to eat un- 
restricted quantities of food. The insulin dosage was not altered. A few weeks later his 
legs became weak, his feet ached, and he noted ^hat his underwear was frequently wet from 
urinary dribbling. A month later straining was necessary for urination and his scrotum 
began to burn painfully. Extremes of temperature produced unusual discomfort. He had 
frequent night sweats. His bowel movements became loose. Two to five watery, yellow 
stools containing mucous began to follow every meal, each passage accompanied by cramps 
and borborygmi. Occasionally sleep would be disturbed by his having to pass eight to 
ten atooh during the night. 

The symptoms persisted with variable intensity until late in December 1942, when fol- 
lowing a severe upper respiratory infection he became much worse having extreme fatigue, 
aching, tender muscles, and numbness, prickling and recurrent waves of heat and perspira- 
tion in the medial gluteal and perineal regions. Burning pain in the scrotum prevented 
sleep at night and led to his withdrawing from school. Constipation often with no bowel 
movement for five to six days at a time began to alternate with the diarrhea. Constant 
early morning nausea developed and he vomited about one out of three meals. 

Physical examination on admission showed the patient to be a thin, undernourished boy 
in distress due to pain in the scrotal rc^on. The skin was clear, the tongue pink, coated 
and without papillary atrophy. The pupillary reactions were normal, the fundi free of 
hemorrhages and exudates. The blood pressure, heart and lungs were not unusual. The 
liver was not palpable. There was tenderness in the suprapubic region but the bladder 
was not definitely outlined. Neurologic examination showed generalized muscular weak- 
ness and undcr-dcvelopment. The triceps and right patellar reflexes were diminished, the 
loft patellar and ankle reflexes absent. There was incrc.ssed muscle tenderness in the legs 
and pain on squeezing the achillcs tendon. Cutaneous, vibratory, and position senses were 
well preserved. There was exquisite cutaneous hyperesthesia and tenderness about the 
perineum and scrotum. The color of the feet was normal, the pedal arteries bounding. 
Skin temperature studies showed no evidence of occlusive peripheral vascular disease. 

Urinalysis on admission showed a heavy glycosuria and a moderate amount of acetone. 
The blood sugar was 300 mg. per hundred cc. and the CO* combining power of the blood 
49 vols. per hundred. Blood counts, serology, stool examination, and gastric analysis were 
all normal. Cystometric examination showed the sense of filling to begin at 450 cc., bladder 
capacity well over 750 cc. with low expulsive pressure, and sensation to heat present but 
not to cold. There was no urinary residual. Panendoscopic examination revealed no blad- 
der neck obstruction. The spinal fluid was clear, under normal pressure and showed normal 
dynamics. There were no cells present, the Pandy reaction was positive, the total protein 
80 mg. per hundred cc., the globulin 2 plus positive, the spinal fluid scrologj' and colloidal 
gold curve both negative. Roentgen examination of the gastrointestinal tract showed free 
passage of barium into the intestinal loops, 50 per cent gastric retention at 3 hours, 25~ 
30 per cent at 5 hours, with u'ido scattering of barium throughout the small bowel, "A 
definite delay both in gastric craptjing and in small intestine motility” (F. J. Hodges). 

Satisfactory diabetic regulation was attained using a 2200 calorie diabetic diet containing 
160 gm. carbohydrate and SO gm. protein with 00 units of protamine zinc and 20 units of 
regular insulin daily before breakfast. Shortly before discharge it was demonstrated that 
procaine injection of the right pudcnal nerve temporarily relieved the scrotal pain on one 
side. This nerve was then surgically divided. He remained, however, uncomfortable 
throughout his stay of six weeks. Codeine was required daily for the relief of pain. He 
was discharged unimproved. Three months later he reported by letter that ho had had 
some benefit from the nerve section but that bis general condition was unchanged. 

The fourth case illustrates again the neglect of diabetic treatment as a factor 
productive of diabetic neuropathy. Disturbed gastro-intestinal motility and 
severe orthostatic hypotension were present, in addition to other manifestations 
of peripheral nerve divsease. 



118 


E. WAYNE BUNDLES 


W. G., ^492561. A 43 year old bread ealesman was first admitted to the University 
Hospital on November 1, 1941, complaining of diabetes, diarrhea, and dizzy spells. 

He had “never had a sick day” until six years before admission when lethargy, thirst, 
polyuria, polyphagia, and loss of weight occurred. He entered a Detroit hospital where a 
diagnosis of diabetes mcllitus was made and a diet and insulin regimen prescribed. Under 
treatment In's symptoms abated. Six to eight months later he began to disregard the 
diabetes and soon abandoned the diet and the use of insulin. His average weight of 180- 
190 pounds declined to 155-100 pounds and neither the blood sugar nor urine was analyzed 
for a period of three to four years. There was no known acidosis. 

About two years before admission, some four years after the appearance of diabetes, ho 
became impotent. Several months later weak legs, numbness, tingling, and shooting pains 
in the extremities, and painful, sensitive skin over the trunk gradually developed. Diar- 
rhea began to alternate with constipation and urination became urgent and frequently 
uncontrolled. Dizzy spells appeared, occurring especially when assuming an upright posi- 
tion, being worse during the early morning and when fatigued. A few months before 
admission his diabetic symptoms returned as at the outset and his weight fell to 140 pounds. 
A diet with insulin was again prescribed but he became more incapacitated and had to stop 
work. Ilia muscles became tender and sore. His ankles began to swell during the day- 
time. A low blood pressure was discovered by his physician who, suspecting Addison’s 
disease, referred him to the hospital for diagnosis and treatment. 

Physical examination showed a poorly nourished, lethargic, uncomfortable white male. 
The sldn was clear and free of pigmentation. The pupils were small, less than 2 mm. in 
diametqr, equal in size, round and regular. The right one did not react to light, the loft 
one very little, both reacting definitely on accommodation. The tongue was pink and coated. 
The blood pressure was 100/60 mm, of mercury when recumbent, 80/40 when sitting, 50/? 
when upright, gradually falling when standing quietly to imperceptible levels and accom- 
panied by faintness or syncope. The skin over the trunk and extremities was painfully 
sensitive to light touch and pressure. All tendon reflexes were absent. The thigh and calf 
muscles wore c.xquisitoly tender. The plantar responses were flexor although there was 
pronounced plantar hyperesthesia. The vibratory sense was greatly diminished at the 
ankles and there was slight blunting of the superficial sensibilities peripherally. The feet 
were normal in color with easily palpable pulses in the pedal arteries. 

Laboratory examination of the blood, stool and urino showed no abnormality except 
glycosuria. A glucose tolerance curve was typically diabetic. The Kahn test was negative 
and the spinal fluid was normal except for a total protein of 83 rag. per hundred cc. and a 
3 plus globulin. A barium enema showed nothing abnormal. A starch-iodine sweating 
test showed diminished sweating over the abdomen and thighs and absent sweating below 
the knees. The Flack test (81), blowing against a column of mercury with the glottis open, 
caused prompt syncope. The “water test” for Addison’s disease (14) did not confirm 
the suspected adrenal insufficiency. 

Diabetic regulation was easily obtained on a 2400 caloric diet containing 200 gm. carbo- 
hydrate and 90 gm. protein using 35 units of prolamine zinc and 10 units of regular insulin 
daily before breakfast. The diet was supplemented with brewer’s yeast and for a time 
parenteral thiamin chloride with no definite benefit. The postural hypotension was treated 
with fair success by elevating the head of the bed at night, added salt to the diet, and with 
ephedrine and amphetamine. Ho was discharged little improved after sovon weeks hos- 
pitalization. 

The patient was followed for IG months, it being necessary for hiin to spend 19 weeks 
as an in-patient. The neuritic symptoms, aching and shooting pains, hyperesthesia, 
muscle tenderness, and so forth, increased considerably in severity for 3-4 months then 
slowly began to improve. lie was unable to work for 7 months. Periods of anorexia and 
vomiting lasting 2-3 days recurred scvcr.al times and once persisting for a week necessitated 
hospital admission and administration of intravenous fluids. The diarrhea became exceed- 
ingly troublesome witlf 8-10 bowel movements daily. Each meal was followed by ab- 
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dorainal distension, painful borborygmi . and the urgent passage of 1-3 loose, yellow stools. 
He freciucntly awoke at night with a stool in his pajamas. When last seen hia major com- 
plaint was diarrhea. Examination showed weight gain and less severe but demonstrable 
postural hypotension. Tendon reflexes in the upper extremities and at the patellae were 
obtained with reinforcement but the acMllea jerks were absent. Vibratory sense was di- 
minished at the wrists and knees, absent at the ankles. Plantar hyperesthesia, slight 
muscle tenderness, and peripheral blunting of the cutaneous sensibilities remained. 

The fifth case illustrates the diagnostic difficulty present when diabetic neu- 
ropathy occurs in a patient with a positive Inetic history. Argyll Ttobertsou 
pupils, abnormal salt metabolism, abnormal postural regulation of blood pres- 
sure, and an atonic bladder paralysis were present. The failure of vitaTnin 
therapy with relapses in symptoms followang loss of diabetic regulation is shown, 

T. F., ^£519430. A 44 year old poultry farmer was first admitted to the University 
Hospital on January 29, 1943 complaining of diabetes and weak, numb legs. During the 
first World War while serving with the Polish Foreign Legion be developed a cbancrc and a 
positive Wassermann. Ho was given 20 intrav€nou8snd20intramuseular injections during 
fi-S months. The serology became negative early in treatmentand remained so at the time 
of demobilization over a year later. He enjoyed excellent health then until the spring of 
1940 when excessive thirst appeared. A few days later his physician found glycosuria and 
a fasting blood sugar of ** 0 Tcr 300." He was given a “diet card" and instructed to take 
insulin. Because the first injection produced what was thought to be an insulin reaciion 
an adequate amount of insulin was never taken thereafter. The urine continued to give 
orange and red reactions with Benedict's reagent and months later a fasting blood sugar of 
"290" was obtained. His weight dropped from his average 185 pounds to 145 pounds, then 
gradually rose to hover between ISO-ICO pounds. 

About IJ years before admission, more than a year after tho onset of the diabetes, ho 
began to note cold feet, weak legs with flabby muscles, and shortness of breath on exertion. 
He was compelled to seek easier work. Lose of libido and later impotence, with neither 
erections nor ejaculations, developed. He began to crave heavily salted food. 

Ono year before admission his feet and lower legs became dry with’ absent sweating and 
his ankles swelled in the daytime. Chronic constipation developed. Severe upper respira- 
tory • " * • ^ Qf these his calf muscles became very tender 

«^udc ^ enough to make one scream" radiated into both 

fega, gradually subsiding in a few weeks time. His family commented on a peculiar look 
about his eyes-^the pupils becoming very email. 

Two months before admission a severe sore throat with cough and hoarseness developed 
following wliich his weight dropped from 160 to 140 pounds and he became entirely unable 
to work. His cold feet became numb and fell like "clubs." Continuous tingling "pins 
and Tkcedles" in his lower legs and fingers, and painful, senBitWe skin over the trunk ap- 
peared. Ho began to have dizzy spells when standing. The chronic constipation was 
intensified until no bowel movements occurred without enemas. At the suggestion of his 
physician he took vitamin capsules daily for 5 weeks but without benefit. 

Physical examination on admission showed an undernourished white male. The tongue 
was coated, reddened at the edges, without papillary atronhv. Thf> nuniJa - 

O ...w. J*- i . • 


^ ^ ui vAuuitica Jti mo optic lundi. The liver edge w’as palpable 

4-6 cm. below the costal margin. The muscles of tho extremities wore weak, atrophic, 
and very tender. ^ The gait was unsteady, and there was ota.xia on the heel to knee test 
and tandem walking. The triceps and patellar reflexes were diminiahed, the biceps and 
Achilles reflexes wore absent. The plantar responses were normal. There was peripheral 
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blunting of pain and tactile sensibilities and nearly absent vibratorj’' sense at the ankles. 
The skin over the trunk and soles of the feet was hypersensitive. The feet were normal in 
color and the arterial pulses bounding. 

Laboratory examination of the blood and stools was normal. Urinalysis showed a 4 plus 
glycosuria and a trace of acetone. The fasting blood sugar was 236 mg. per hundred cc. 
and the plasma CO 2 combining power 50 vols. per hundred cc. The Kahn test was negative, 
the spinal fluid normal, and there was no free HCl in the gastric contents after histamine. 
Total scrum proteins were 7.7 gm. with 4.1 gm. albumin per hundred cc. The plasma ascor- 
bic acid was 0.32 mg. per hundred cc. A starch-iodine sweating test showed diminished 
sweating over the feet and the entire right leg. An electrocardiogram was normal. Cysto- 
metric examination showed an atonic bladder paralysis, the capacity well over 800 cc., 
without sensation to filling, with absent cold and equivocal warm sensibility, and a residual 
of 50 cc. About two-thirds of the daily urinary output occurred at night, the patient often 
voiding 1200-2000 cc. at one time on arising in the morning. Skin temperature studies 
showed no evidence of circulatory inadequacy in the legs, but at low environmental temper- 
atures the skin temperature did not fall as it does when normal vasoconstriction is present. 

For a trial period the patient was given just enough insulin to clear the urine of ketones. 
He became symptomatically improved especially in reference to the muscle tenderness 
after 2-3 days bed rest. He was then given 1000 mg. thiamin chloride intramuscularly in 
two weeks time without further subjective or objective improvement. Muscle tenderness 
remained. He was then regulated on protamine zinc and regular insulin. The blood pres- 
sure on different occasions was 106/68 mm. of mercury in the supine position with no change 
except for a few nun. rise in the diastolic pressure on standing. At a time when glycosuria 
was minimal added salt was withdrawn from his diet. After two days his weight fell 4 
pounds. The blood pressure when supine was 104/60 (pulse 80) with a fall to 80/50 (pulse 
120) after standing erect. Salt being resumed ad lib he gained 10 pouiids in weight in 
24 hours and became obviously edematous. The postural fall in blood pressure and tachy- 
cardia disappeared. 

With control of the diabetes he slowly improved and after 1 month in the hospital was 
able to return home. Gain in weight and strength continued. After a short time, however, 
sugar began to reappear in the urine and small increases in the insulin dosage were inade- 
quate for regulation. Following a week of heavy glycosuria his skin began to feel “raw 
and burned.” Shooting and tingling pains, sore muscles, and extreme weakness reap- 
peared. His weight began to fall rapidly. 

On May 5, 1943 he was again admitted to the hospital to stay 7 weeks. His insulin re- 
qxiirement was found to have increased. With proper regulation slow improvement began. > 
45 gm. of brewer’s yeast and 60 mg. of nicotinic acid were added to his daily diet for 6 weeks 
without observable benefit. During this time a readjustment of his diabetic regimen was 
inadvisedly attempted, heavy glycosuria and hyperglycemia reappeared. An acute exacer- 
bation of the neuritic symptoms followed. Thiamin pyrophosphate 0.010 gm, daily was 
given intramuscularly for ten days without observable benefit. Later 70 cc. of crude liver 
extract was given intravenous^’’ over a 4 day period ■without definite effect immediately or 
subsequently. 

He returned home and during a month’s time improved until he could tolerate some light 
work and of his former symptoms only moderate -weakness and tingling in the extremities 
remained. Then severe constipation appeared acutely. In spite of multiple laxatives there 
were no bowel movements for three days. With the administration of an enema severe 
upper abdominal pain began. For five days, during which time all food and even water 
was vomited, a continuous “sickening” epigastric pain persisted, “like having one’s testi- 
cles squeezed in a vise.” Hypodermics were needed for relief of the pain. He was admitted 
to the hospital for the third time and shortly afterward the pain abruptly subsided. Roent- 
gen examination of the gastrointestinal tract, blood serology, and the spinal fluid were 
again all normal. The neurologic condition was unchanged. 

One year after his first admission, he reported that nausea and vomiting had not re- 
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curred and that the ahooting pains and hyperesthesia had disappeared although some 
paresthesias remained. His legs were weak, his museles ached and became tender with 
more than a few minutes of exorcise, and he could climb steps only with the greatest 
difficulty. 

Passing from individual case histories to the more general consideration of our 
125 patients trith diabetic neuropathy, the sex incidence was males 69 (55 per 
cent) and females 56 (45 per cent). On admission to this hospital patients are 
divided into three economic groups: public welfare, average, and superior. 
Slightly over half of the group (64, or 51.2 per cent) were welfare patients, 43 
(34.3 per cent) were of average means, and 18 (14.5 per cent) were of superior 
means which is about the average distribution of our patients with diabetes and 
other diseases. The age incidence and the duration of the diabetes before the 
onset of the neuropathy is shown in Table I. It is significant that more than 

TABLE I 


Age of Patients Developing Diabetic Neuropathy and Duration of Preceding Diabetes 


YEAsa 0? Ace 

NUOTlEt Of CASES 

DHTSVAL BETWEEN ONSET OE PIABETES AND 

APPEABANCE OP NEOTOPAinY 



Range 

Average 

17 to 20 

8 

3 mo. to 6 yrs. 

yrs. 

' 2.9 

21 to 25 

6 

H to 7 yra. 

4.0 

20 to 30 

6 

1 to 7 yrs. 

6.3 

31 to 35 

5 

1 1 to 14 yrs. 

6.8 

36 to 40 

9 

6 mo. to 9 yrs. 

4.9 

41 to 45 

11 

li to Oi yrs. 

7.2 

46 to 50 

15 

0 to 24 yrs. 

6.2 

51 to 55 

25 

0 to 30 yrs. i 

, 7.0 

56 to GO 

19 

2 mo. to 13 yrs. 

4.7 

61 to 65 

11 

0 to 7 yrs. 

2,7 

60 to 70 

8 

0 to 12 yrs. 

2.6 

70 or over 

3 

5} to 35 jTB. 

15.0 


a quarter of the patients wore less than 40 years of age and 8 were 20 or less. 
In the average patient diabetes had c.xistcd slightly over 5 yeara before the onset 
of neuropathy. Under the same conditions of lax diabetic care, to be referred 
to in detail below, the young do not appear to have greater immimity from 
developing neuropathy than those of older ago groups, and the previous duration 
of the diabetes is not greatly different for any age period. In some cases, how- 
ever, ncuritic symptoms and evidence of organic disease of the peripheral nerv'cs 
occurred early in the disease. In nine of our cases ncuritic sjunptoms rather 
than the classic sj-mptoms of diabetes led to the firet medical consultation and 
the discovery of the e.xistence of diabetes mollitus. Other unequivocal sjmip- 
toms of diabetes, however, accompanied or preceded the symptoms of peripheral 
nen’D disease in every instance. We have not seen a patient whore “diabetic” 
neuropathy actually preceded the appearance of diabetes mellitus. 
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Infoimation available in the literature regarding tbe general diabetic back- 
ground of patients developing an associated neuropathy is both scanty and con- 
flicting. Woltman and Wilder (15) state that this type of neuritic disease 
occurs commonly in well nourished diabetics who are free from acidosis and 
glycosuria. Wendt and Peck (16) found neuritic symptoms worse with hyper- 
glycemia and with uncontrolled diabetes. In many individual case reports there 
is reference to gross neglect of both diabetic symptoms and diabetic treatment 
of years duration preceding the development of neuropathy. Similar diabetic 
neglect has been reported in groups of patients developing grave nemitic com- 
plications such as paralysis (Root and Rogers, 17) and neuropatliic joints (Bailey 
and Root, 18). Joslin and Root (34) state that the symptoms of diabetic neu- 
ropathy always start during a time of uncontrolled diabetes, but why only some 
of the many diabetics who have such episodes develop neuritic disease is left 
unanswered. In order to clarify somewhat the relation of diabetic neuropathy 
to the presumed parent disease diabetes we have given particular attention to 
the details of diabetic management in our patients during the period preceding 
the development of this complication. 

It has been generally recognized that diabetic neuropathy tends to occur in 
patients with mild diabetes, many of whom have had neither diabetic acidosis 
nor coma, as well as in those vdth more severe diabetes. Eleven of our patients 
had been in diabetic coma. Seventeen had had diabetic acidosis, including in 
this group all patients "with clinical symptoms of acidosis as well as those ad- 
mitted to the hospital vdth a plasma CO 2 combining power of less than 45 
volumes per hundred. Ketone bodies were knowm to have occurred in the urine 
of another 27 patients. The remaining 70 patients (56 per cent) had never been 
in coma, acidosis, or had ketonuria as far as could be ascertained even at the 
height of diabetic non-regulation. 

While ciiteria for satisfactory diabetic control are still under discussion they 
are of particular importance in judging the adequacy of treatment in mild dia- 
betes which with little or no attention may not lead to major difficulty for many 
years. When immediate complications are not often encountered, recommenda- 
tions for treatment must be made largely on our knowledge of remote complica- 
tions. Certain minimal standards of diabetic treatment in general have been 
proposed (Tolstoi and Weber, 19) whereby treatment however managed is 
considered satisfactory if the patient maintains a general level of health per- 
mitting ordinary activities including gainful occupation, the body weight is 
maiutained at the optimal level, the urine remains free of ketones, and if the 
patient is relieved of the frank symptoms of unregulated diabetes, polyphagia, 
thirst, urinary frequency, and so jforth. It vdll be apparent that few of our dia- 
betics who developed neuropathy had received treatment meeting even these 
minimal standards and that the period of neglect had extended over a period of 
many months or years. 

None of this group was found to be among those regularly attending our 
diabetic clinic or under the adequate supervision of competent physicians wth 
provision made for enlightened dietary management, frequent urinalyses, blood 
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sugar determinations when indicated, and check-up idsits. In 26 cases there 
had been no diabetic treatment at all before the hospital admission. Of the 
remaining patients that had had some treatment nearly every one (98 cases) 
had had what could only be called “poor” care partly because of the obvious 
likelihood of failure. In this group were patients followng vague qualitative 
diets having been advised to “cut out sweets", some who had adopted treatment 
plans prescribed for diabetic i datives, and some who had made only nonsensical 
modifications of their diet. Others had refused to accept insulin when recom- 
mended, and purchased alleged substitutes to be taken orally, or had sought 
advice from cultists. In some cases phj'sicians attempted to make insulin 
administration solely an office piocedurc. Non-cooperative indiidduals, some 
too poor to purchase the necessary food and insulin oven when medical advice 
was without cost, and some patients too stupid to learn the rudiments of their 
own care were all represented. In several instances patients alternately aban- 
doned and resumed prescribed diet and insulin regimens as their health improved 
or deteriorated. Many patients encountered complications after abandoning 
well designed programs of treatment wliich, although giving excellent clinical 
results, had grown irksome. At least 22 patients were aware of constant heavy 
glycosuria, and 5 others noted heavy glycosuria recurring with every infection. 
Weakness, susceptibility to infections, or thirst and increased appetite, and so 
forth, were characteristically present intermittently or in some cases constantly 
as recorded in the individual case liistories. 

Objective evidence of the lack of adequate diabetic care in patients developing 
diabetic neuropathy was seen in the nearly universal loss of considerable weight, 
not due to dietary restriction but usually with excessive food consumption, 
immediately before or during the period of the development of the neuritic 
symptoms. Wliile in 7 cases an unknown amount of weight had been lost and 
in 5 definite information was not recorded, 91 of the 125 patients (75 per cent) 
lost over 20 pounds of weight, 05 (52 per cent) over 30 pounds, and 40 (32 per cent) 
over 40 pounds. Seven patients lost between 100 and 130 pounds, having been 
very obese earlier and in some cases being still overweight in spite of the loss. 
In the young diabetics failure to gain weight normally or an actual loss was the 
rule. Fluctuation of the weight within a range of some 10-15 pounds coinci- 
dent ivith infections or other factors influencing the diabetic status was com- 
monly noted. 

Enlargement of the liver has been observed frequently in poorly regulated 
diabetics, especially children (Pavy, 4, Wliite, 20, Mauriac, 21, Hanssen, 22, 
Alarblc ct al., 23 and Wliite et al., 21). There is general agreement that the 
hepatomegaly disappears ivith eflcctive treatment of the diabetes, in which 
protamine zinc insulin is of especial value among the juvenile group. Marble 
et al. found the incidence of other diabetic complications especially liigh among 
the patients with hepatomegaly, 7 of their 60 young diabetics, for example, 
having peripheral neuritis. In adults with diabetes there are fewer recorded 
observations regarding hepatomegaly but under the same circumstances it ap- 
pears not uncommonly. Among our group with diabetic neuropathy excluding 
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those u4th cardiac, biliary tract, and other recognized hepatic disease, there were 
38 in whom the liver was easily palpable. In 24 of these the liver was considered 
definitely enlarged. Observations regarding response to treatment of the dia- 
betes were not complete but in 10 patients the liver was noted to reduce in size, 
not always to completely normal, ho-wever, vith treatment of the diabetes. 

The symptoms of diabetic neuropathy resembling in many respects those 
associated ndth other types of neuropathy (Brain, 25, Wilson, 12) have been 
described many times (Pavy, 4, Althaus, 3, Auchfe, 8, Buzzard, 9, Williamson, 
26, Woltman and Wilder, 15, Root, 27, Root and Rogers, 17, Jordan, 11, and 
others) but are distinctive enough to assist materially in differential diagnosis. 
Among our patients muscular cramps and aching were frequently early symp- 
toms and muscular weakness especially of the legs was almost uniformly present. 
The extreme degree of this weakness is illustrated by 4 of our patients who for 
weeks were able to go upstairs at home only by crawling on hands and knees. 
In 2 other patients muscular “exhaustion” would follow walking a few feet to 
the bathroom. In another patient whose severe neuropathy developed acutely 
one v/eek follovdng diabetic coma there was a complete flaccid paralysis, bilateral 
wrist and foot drop, ■with the patient being able to do little or nothing for herself 
for 3-4 months before slow improvement began. Muscle tenderness aggravated 
by use and exertion was present in one-third of the cases and often persisted 
for months even after treatment was begun. Numbness, tingling, and paresthe- 
siae such as “cold” feelings, aching and burning pains, and so forth, were usually 
prominent among the patient’s complaints. Severe “shooting pains” both in 
deep and in superficial tissues were noted in more than one-fourth of the patients. 
The cramps, aches, and pains were characteristically Avorse upon exposure to 
cold and at night. The touch of bedclothes Avas often unbearable, sleep and 
rest impossible. Morphine and codeine were frequently necessary over periods 
of AA’^eeks or months to relieve pain. Patients so afflicted often became mentally 
depressed and emotionally unstable after a time, but usually not out of pro- 
portion to the discomfort experienced. Although a true psychosis Avas not 
encountered some physicians unfamiliar Avdth this clinical entity, particularly the 
long duration of the symptoms and sIoav response to therapy, recommended 
psychiatric care or even committment to state institutions. Peripheral areas 
of anesthesia and unsteadiness of gait were less common symptoms. Foot drop 
Avas noted by a fcAv ambulatory diabetics and once occurred practically as an 
isolated symptom. The loAver extremities Avere affected more severely almost 
AAdthout exception. With distal involAmment of the extremities the peroneal 
nerve Avas more Amlnerable than the tibial, the ulnar more vulnerable than the 
radial or median . Occasionally symptoms occun-ed predominantly in the puden- 
dal, femoral, or intercostal nerve areas, or as 3 ’mmctrical areas in the extremities. 
This as 3 m.mAetr 3 % occurring also in alcoholic neuropathy, has been noted in 
diabetics by PaA^^ (4), Buzzard (9), Althaus (28), Harris (29), and others. 
S 3 'mptoms referable to disturbed function of the autonomic nerves, gastro- 
intestinal tract and bladder aaIII be discussed subsequently. 

Tlie s 3 Tnptoms of diabetic neuropatln* AA^ere frequently intermittent or recur- 
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rent with gradual increase in intensity over a long ponod of time before assuming 
senous proportions. ]\Iany patients noted symptomatic exacerbation vAih. or 
following sore throats, infections, relapses in diabetic management, and in some 
cases after the start of treatment. With uncontrolled diabetes, however, the 
tendency was toward ineveasing severity and persistence of symptoms. In 
patients with chronically poorly treated diabetes, -with or Avithout recurrent 
ncuritic symptoms, a number of accidents all noted for their aggraA^ating effect 
on the underlying disease were observed to precipitate acute and severe neurop- 
athy. Brain (25) has seen diabetic neuropathy follow pneumonia, Jordan follow- 
ing diabetic coma (11) and diabetic acidosis (30), and JosUn and Boot (34) 
folIoAving diabetic precoma. Events which seemed to produce or precipitate 
neuritic changes in our group of diabetics were severe upper respiratory infec- 
tions (2 cases), “influenza” (4 cases), pneumonia (1 case), pyogenic infections 
(4 cases), tojuc hyperthyroidism (2 cases), diabetic acidosis (4 cases), diabetic 
coma (6 cases), and surgical operations (4 cases). The relevant data in one of 
the latter cases are as follows: 

J. H., Jg502333. This 37 year old laborer had had diabetes for 11 years. By followinf; a 
qualitative diet avoiding higb carbohydrate food and taking 20 units of regular insulin 
twice daily, ho maintained his weight, felt well, and worked steadily. Urinalysis usually 
gave green to yellow tests with Benedict's reagent. 

On January 28, 1942, abdominal pain, anorexia, and a slight fever appeared. A few 
hours later ho became nauseated and vomited his food. Insulin was discontinued. When 
the symptoms had persisted for 2| days Ids physician was called and a diagnosis of acute 
appendicitis made. lie was taken to the local hospital where an acutely inflammcd appen- 
dix was removed under other anesthesia. A preoperntive urine specimen showed a ‘*2 plus” 
reaction for sugar. On the third postoperative day while still on a clear liquid diet poly- 
dipsia and polyuria appeared and led to the discoverj’ of a heavy glycosuria and hyper- 
glycemia. Only then was insulin icsumcd. His weight fell 10 pounds during the operative 
period. The daily insulin requirement for several weeks thereafter ranged between 85 and 
125 units. 

On the 7th postoperative day his hands and arms began to burn and feel numb. Shooting 
pains, tender muscles, joint pain and stiffness, severe constipation requiring the constant 
use of enemas, and complete impotence developed during the following 2-3 weeks. The 
symptoms increased in severity for 3-4 months and only after C months began to slowly 
improve. Two and one-half months after the onset he was referred to the University 
Hospital where in addition to tho neurologic evidence of severe peripheral neuropathy, a 
high spinal fluid protein (Table II), stiff, painful joints, and moderately extensive retinal 
hemorrhages with exudates were found. His progress was followed closely for 20 months 
during which time it was ncce8s.aTy for him to spend 18 weeks in the hospital. At tlie end 
of this time although there W’as some limitation in joint movement and many neurologic 
residuals he was able to return to light Avork. The retinal hemorrhages had largely disap- 
peared although slight retinal scarring and rcfracUIc exudates remained. 

The neurologic examination of diabetic patients Avho have definite and per- 
sistent neuritic symptoms, excluding those with transient symptoms accompany- 
ing acute diabetic non-regulation to be di.scusscd separately, seldom fails to 
elicit evidence of organic disease of the peripheral nerves proportional to tho 
intensity and distribution of symptoms. Occasionally organic changas Avill be 
present Avhen symptoms arc minimal or Avill be recalled only by direct ques- 
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tioning. In our patients diminished or absent tendon reflexes was the common- 
est neurologic abnormalit3^ The Achilles tendon reflexes were found to be 
absent in 101 patients (81 per cent) and greatly diminished in another 15. The 
patellar reflexes were absent on one or both sides in 70 cases (56 per cent) and 
greatly diminished in 29 more. Diminished or absent biceps and triceps reflexes 
were found in one-third of the cases. In several cases there was complete 
areflexia. The cutaneous sensibilities were blunted peripherally in about half 
of the patients. In this group areas of hyperesthesia and plantar dysthesia were 
commonly found, and in 9 patients areas of complete anesthesia occurred. 
Pronounced muscle tenderness was present in 46 cases (36.8 per cent). Deep 
pain sensibility was usually unaltered except in patients with excessive muscle 
tenderness in whom increased sensibility was the rule. The vibratory sense at , 
the ankles was diminished in 37 patients, and absent in 20. In 7 patients the 
vibratory sense was lost below the pelvis. Complete foot drop was present in 
10 cases. The plantar responses were always in the direction of flexion, and 
clonus, exaggerated tendon reflexes, and spasticity was never encountered. 
There were no abnormalities of the cranial nerves except as evidenced by ab- 
normal pupillary reflexes which were present in one-fourth of the patients. The 
abnormal pupils were in most instances miotic, reacting sluggishly to light, 
better on accommodation. Irregular and unequal pupils were observed. Two 
patients in whom there Avas neither evidence nor suspicion of syphilis had Argyll 
Robertson pupils. One patient had paradoxical pupillary reactions, similar in 
all respects to the Argyll Robertson type except that there was a distinct pupil- 
lary dilatation to light. Sluggish light reactions were noted to return to normal 
AAnth general neurologic improvement. 

The most reliable single sign of diabetic peripheral nenm disease, as in that 
associated vath vitamin B deficiencies (Aring et al. 31), is diminished or absent 
tendon reflexes. In some early cases with pronounced muscle tenderness the 
tendon reflexes may show increased activity for a time. While diagnoses based 
on subjective sensoiy tests are often regarded suspiciously, careful and repeated 
examinations in the great majority of our patients have given very uniform 
results if too much reliance on minimal deviations is avoided. It is significant 
that there was no clinical evidence of primaiy spinal cord disease or involvement 
of the lateral and anterior funiculi in these cases. Such changes have frequently 
been thought to occur in diabetic neuropathy (Woltman and Heck, 32) but good 
clinical and pathologic evidence is lacking (Woltman and Wilder, 15). Although 
pathologic observations in our patients will not be reported at this time, the 
symptoms and signs are those of peripheral nerve involvement vith perhaps 
secondary degeneration of the fasciculi propriae and posterior columns of the 
spinal cord Avhich in severe cases would appear to be anatomically inescapable. 
The spinal fluid changes to be discussed shortly are indicative of pathologic 
changes in the spinal neiam roots and perhaps of the associated tracts in the 
spinal cord. Abnormal pupillarj^ reactions-r-miotic pupils reacting sluggisUy ^ 
to light but better on accommodation — ^liaAm been observed in patients with 
diabetic neuropathy by many authors including Leyden (7), Major (157), and 
Jordan (11). Five of Jordan’s patients, had Argyll Robertson pupils in the 
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vvlisence of any indication of syphilis. Waite and Bcetham (33) observed pupil- 
lary abnormalities in patients with diabetic retinopathy especially those with 
hemorrhagic and proliferating changes. Ten of their patients had Argyll 
ertson pupils in 5 of whom there was neither evidence nor suspicion of sjTihilis. 

S-pinal Fluid. A definite abnormality in the spinal fluid of patients with 
uncomplicated diabetic neuropathy in the form of increased total protein has 
been found by a number of investigators although tliis occurrence is not widely 
known. Root and Rogers (17) among 11 patients with paralysis reported 4 
spinal fluids with total proteins of 95, 88, 80, and 55 mg. per hundred cc. Jordan 
(11) among 40 patients with ncuritic manifestations whoso spinal fluids were 
examined found the total protein above 50 mg. in 22 cases, and above 60 mg. 
per hundred cc. in 15 cases. Joslin and Root (34) reported the findings in a 
largo number of diabetic patients to wliich further observations were subse- 
quently added (Root, 35). Of 84 patients with diabetic neuropathy, 29 per cent 
had total protein values between 51 and 40 mg. per hundred cc., 44 per cent 
between 71 and 120 mg., and 14 per cent between 121 and 390 mg, per hundred 
cc. Of 63 diabetics with surgical infections of the feet, who were presumably 
without clinical evidence of diabetic neuropathy although this point is not 
entirely clear, 2G had total protein values between 61 and 70 mg. per hundred cc. 
and 17 between 71 and 120 mg. per hundred cc. Merritt and Fremont-Smith 
(36), Angle (37), Rudy and Mucllncr (5C), and Needles (139) have reported 
similar findings in a few cases. The height to which the total protein may rise 
is to be emphasized for occasionally there may be clinical confusion (38) with 
the entirely different Gullian-Barr6 syndrome of polyradiculoneuritis (Garvey, 
ct al, 39, DeJong, 40, Roseman and Aring, 41, Baker, 42, and others). 

The spinal fluid was not routinely examined in our group of p.atients, usually 
only when the diagnosis was not entirely clear. Thirty-nine examinations were 
made in 31 patients. Ten fluids were normal. Thirteen had excess total pro- 
tein ranging from 48 to 80 mg. per hundred cc. The detailed findings in the 
remaining cases are given in Table II. The high values of 2G8, 304, and 426 mg. 
of total protein per hundred cc. were encountered in patients with severe neurop- 
athy in whom there was not the slightest doubt as to the correctness of the 
diagnosis. Tlie patient with the highest value, 42G mg. (G, G., j? 502930) had 
had a value of 114 mg. per hundred cc. five weeks earlier, near the onset of the 
neuritic symptoms, and in the interim in spite of treatment had become greatly 
worse. Later there developed arterial hypertension, retinal hemorrhages and 
exudates, and finally proliferating retinopathy with retinal detachment. He 
died in the ho.spital 9 months after the onset of the neuropathy of an acute 
coronary occlusion. The persistence of the elevated total protein for sev'eral 
months was noted in 2 patients during a slow convaleseence. The cellular 
content, prc.ssurc, and spin.al fluid dynamics were always normal, and the globu- 
lin uniformly increased. Although p,atients with severe neuropathy were found 
among tho.so with normal spinal fluids, only those with severe neuropathy had 
the highest values for total protein. As far as our date go, the spinal fluid 
changes offer little additional basis for prognosis in individual cases. 

Oastro-inlestinttl Disfuuctwn. Among an average group of diabetics receiving 
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modem treatment, gastro-intcstinal disturbances are probably no more frequent 
than among a similar group of non-diabetics. Striking abnormalities, however, 
in the form of sev ere const ipat ion, chronic diarrhea, anorexia and nausea often 
accompany the'^developmcnt of diabetic neuropathy. Eliminating from con- 
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sideration sjonptoms due to other possible gastro-intestinal diseases by the cus- 
tomary diagnostic measures of roentgen examination, sigmoidoscopy, stool ex- 
amination, etc., 76 (01.8 per cent) of our 125 patients had such symptoms. The 
most common abnormalit}'-, constipation, ivliich it has lieen stated is not more 
common among diabetics than among non-diabetics (Marble, 35) developed as 
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a change in bowel habit with the development of neuritic symptoms in 63 
patients. In 22 of these the condition was refractory enough to require the 
persistent use of enemas to assure bowd movements oftener than eveiy 4-6 days 
and prevent fecal impaction.^ 

In 27 patients types of chronic diarrhea with 4-G or more liquid stools daily 
appeared, in many cases alternating with or following a period of severe con- 
stipation. In n patients 2-4 days of diarrhea would usually alternate ivith 1-2 
weeks of severe constipation. Six patients noted recurrent periods of diarrhea 
lasting weeks or months, and 10 patients had almost continuous diarrhea. In 
some patients the diarrhea was nocturnal ivith liquid stools being passed all night 
long at regular 20 min. to 2 hr. intervals with the penalty for sound sleep being 
fecal incontinence. In others, each meal would be followed by gaseous disten- 
sion, borborygmi, and the urgent passage of 2-^ stools containing particles of 
recently eaten food. While the stools were usually liquid, light in color and foul 
smelling, bloody stools were noted by 7 patients. One patient died in the hos- 
pital of a diffuse exsanguinating gastro-intestinal hemorrhage one week after 
severe diabetic acidosis was treated. •^Stool examinations in the hospital failed 
to reveal excess fat, undigested meat fibers, ova or parasites. Patients with 
severe constipation or chronic diarrhea were observed to have recurrent periods 
of nausea and vomiting (H. C., 524359, p. 116, and W. G., Jlf 492561, p. 118) 
once with pain comparable to that of the gastric crisis of tabes (T. F., jjf 519430, 
p. 119). 

While the clinical evidence of grossly disturbed gastro-intestinnl motility in 
these cases is indisputable it has been difficult rocntgonologically to demonstrate 
positive findings other than the absence of common pathologic entities. Special 
'^udy of small intestinal motility was undertaken in several patients. One pa- 
ti ent with chronic nocturnal diarrhea sh ow ed nhnnnnn Jl v rapid intestin al motjl- 
ity. Pour patients, one already referred to in detail above (H. 0., ^ 524359), 
Ivno in addition to chionic diarrhea, or alternating severe constipation and 
diarrhea, had pronounced anorexia with nausea much of the time showed ab- 
normal gastric retenJ,ion, once tor 24 hours, or unusually slow progress of the 
barium meal through the small intestine with wide scattering and puddling in 
the intestinal loops. A detailed study to compare these findings with the altered 
mucosal pattern and other roentgenolori^bnormalities reported to occur in 
idiopathic steatorrhea (Snell and Camp, 5$, vitamin deficiencies (Mackic, 
Golden, 45, Sussmau, .16), and the celiac syndrome (Farbcr, 47) has been under- 
taken (48). 

A “diabetic diarrhea” has received scattered comment for many years. Bowen 
and Aaron (49) associated achlorhydria with the diarrhea of 10 diabeticsTjOT 
of their patients wore emaciated, 2 had evidence of nouritic disease mentioned, 
and 1 with a “cord bladder” was shown at autop.sy to have posterior column 
degeneration. Bargen, Bolhnan, and Kepler (50) compared the diarrhea of 
dinbotias with the steatorrhea of pancreatic insufficiency and found that only 
the latter conrlition responded to the oral administration of pancre.atic extracts. 
Marble (35) described dianhea iw a “grave as well as a distressing complication” 
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of diabetes and suggested the possibility of a neurogenic origin.'^Vliite (51) 
noted that “noc turnal” diarrh ea was frequently an accompaniment of neuritis 
in young diabetics. "■ The Boston observers l^elieve that liver therapy is of benefit 
in this condition. ’' Our data serve to emphasize that disturbed gastro-intestinal 
function is a commorf accompanirnent of diabetic neuropathy and one that, in 
view of the other e^'idonce of disturbed autonomic nenm fuhiTtioh, as well as 
the high incidence in the same patients of genitbunriary and sphincter abnormali- 
ties to be cited, should be considered as resulting from autonomic nerve disease. 
Two patients mth these symptoms ■who died were reported pathologically to 
have degenerative changes in the nerve trunks of the esophageal plc-vots and 
about the celiac ganglia. There is no clinical evidence to si^gest that neurop- 
athy follows diarrhea in sequence, as in some of the deficiency diseases, although 
the presence of diarrhea and even more the occasionally associated anorexia and 
nausea makes the diabetic status exceedingly difficult to control. 

Genitourinary and Sphincter Disturbances. Disturbed genitourinary function 
and impaired sphincter control have been con.sidered rare complications of 
diabetes. Until recently only occasional reports (53) of unexplained bladder 
“paralysis” or the so-called diabetic “cord-bladder” were made -without detailed 
investigation or recognition of the relation to diabetic neuropathy, McIUttrick 
and Boot (52) reported 3 diabetic patients with chronically distended, paralyzed 
bladders in whom no generalized or local ca,use was found. Jordan and Crabtree 
(53) reported 7 patients ndth distended bladders and large urinary residuals, 

, At least 6 of the patients had neuritic symptoms and evidence of organic nerve 
disease, and the authors attributed the bladder paralysis to diabetic neuropathy. 
The followng year Jordan (11) added 5 additional cases. The prognosis was 
noted to be poor since many of the patients died a few months or years after the 
onset and in none of them did the bladder function return to normal. Gill (54) 
reported 2 cases of diabetic “cord” bladders, both -with neuropathy and 1 wth 
diabetic retinal lesions, who died shortly of urinary tract infections. Baldwin 
and Root (55) discussed the relation of bladder paralysis to urinary tract infec- 
tions in diabetics and the treatment of both. In anothcu .communication (35) 
they expressed the opinion that the bladder paralysis of diabetics could be com- 
pared to that following traumatic injury of the spinal cord, Rudy and Muellner 
(56) reported a detailed study of 11 patients having diabetic bladder paralyses 
in 10 of whom there was evidence of neuritic disease elsewhere. Repeated 
cystometric examinations were made and they were able to show gradual im- 
provement during the course of treatment. 

Among our 125 patients with diabetic neuropathy 32 (25.6 per cent) had 
genitourinary and spliincter disturbances. Complete lack of sexual potency -was 
recorded as a complaint in 19 patients (27.5 per cent of all males) and this often 
preceded anj'^ other symptom of peripheral nerve disorder. Urinary inconi i- 
nence was a complaint of 10 patients. Five of these and 2 others, also, had fecal 
incontinence. Difficulty in urination, hesitancy, a slow, weak stream, or acute 
urinar 3 ’- z’ctention were symptoms leading to the discoveiy of an atonic type of 
bladder paralysis in 18 patients, 15 of them males. Thirteen of these had cj'sto- 
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metric examinations ivliich invariably showed impaired or absent sense of filling, 
very low expulsive force, and an increased bladder capacity. Hot and cold 
sensibilities wcic occasionally impaired or lost. The residual urine varied from 
nothing to over 300 cc. Uninhibited bladder contractions did not occur. 
Special investigations including sounding and panendoscopy were carried out 
routinely in order that vesical neck and urethral obstmctions might not be over- 
looked before concluding that the atonic bladder paralysis was neurogenic in 
origin. Fifteen of the 18 patients -with bladder paralyas had in addition im- 
potence or defective spliincter control. Two patients with atonic bladders had 
impotence and both urinary and fecal incontinence. Of the 32 patients with 
genitourinary and sphincter disturbances, 25 (78 per cent) had cither severe 
chronic constipation developing with the neuropathy (12 cases) or some type of 
chronic diarrhea (13 cases). 

The sphincter disturbances we have described result almost certainly from 
disease of the pudendal nerves. Tivo patients with atonic bladders had exquisite 
cutaneous hyperesthesia in the pudendal area, severe enough in one case to lead 
to nerve section. The bladder paralysis of diabetic neuropathy is properly 
classified as an atonic neurogenic paralysis (Nesbit and Gordon, 57) such as 
occurs in tabes dorsalis, pernicious anemia with peripheral nerve and posterior 
column disease, and alcoholic neuropathy (Langworthy, Kolb and Lewis, 58). 
Dees and Langworthy (59) produced this type of bladder disturbance experi- 
mentally in cats by sectioning the posterior sacral nerve roots. It is of interest 
in relation to the gastro-intestinal symptoms already discussed that severe ob- 
stipation resulted from this operation, also. In our diabetics an impaired or 
absent sense of bladder filling was the only constant sensory defect found by 
cystomotrio examination. Whether the bladder syndrome is wholly sensory in 
origin or whether there is decreased motor (parasympathetic) activity, too, is 
difficult to determine. Emmett and Beare (CO) have emphasized the difficulty 
in analyzing the clinical phenomena in terms of primary sensory defect, primary 
motor atony, either or both of these complicated by vesical neck obstruction, 
and finally the factor of infectious or mechanical injury to the detrusor muscle. 
Learmouth (61) has shown that faracfic stimulation of the lumbar sympathetic 
trunks in the human being produces emptying of the seminal vesicles and expul- 
sion of the prostatic secretions into the posterior urethra. Both he and Allen 
and Adson (62) have found that loss of ejaculation may follow sympathectomies 
in male patients. An analogous deficiency was seen in one of our diabetic 
patients who had recovered 18 years previously from an evidently severe diabetic 
neuropathy. In tliis patient complete absence of ejaculation followed the acute 
episode although nearly normal erections were possible. Examination showed 
dependent rubor of the feet which subsided with elevation of the logs, an abnor- 
mal orthostatic fall in blood pressure, and diminished sweating below the knees 
irith absent sweating over the hands and feet. Cystometric examination showed 
a bladder capacity of over 050 co., first desire to void at 475 cc., residual urine 
150 cc., and sense of filling absent but sense of hot and cold present. Residual 
sympathetic nen'o degeneration wus thought to account for the loss of ejacu- 
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latory power. The almost invariable association of complete impotence mth 
atonic bladder paralysis in males, in only 1 case was mormal function retained, 
is evidence that impotence in patients with diabetic neuropathy is Ukely to be a 
symptom of organic nerve disease. 

The early recognition of bladder atony is extremely important for the pres- 
ence of residual urine interferes with fractional collections of urine, urinary 
infections which frequently supervene may make good diabetic regulation im- 
possible, and long standing vesical distension particularly with infection may 
produce permanent bladder damage. If recognized early and treated well the 
condition may remain entirely benign. We have seen in 1 case a completely 
atonic bladder requiring suprapubic cystotomy return to normal, functionally 
and cystometrically, in 1 year’s time, as a part of the general neurologic improve- 
ment. The principles of urologic treatment have been summarized by Nesbit 
and Gordon (57) and are directed mainly toward preventing residual urine and 
chronic urinary tract infection. Periodic evacuation of the bladder every 3-4 
hours assisted by standing, straining and Cred6 are generally adequate in treat- 
ment. Patients rvith orthostatic hypotension who generally have atonic bladders 
are urged to void regularly at night, also. Vesical neck obstructions must be 
meticulously avoided. Only one of our patients required suprapubic cystotomy 
and in him bladder function eventually returned to normal. No other serious 
complications have as yet been encountered. 

Peripheral Autonomic Nerve Disease. The participation of the autonomic com- 
ponents of the peripheral nerves in different types of neuropathy has been recog- 
nized in scattered instances (Guttmaim, 63, Wilkins and Kolb, 64, Shumaker, 
65, and others). Patients vrith diabetic neuropathy may develop unusual de- 
grees of peripheral sympathetic nerve damage as revealed by sweating defi- 
ciencies, loss of vasomotor and pilomotor control, dependent edema, and certain 
types of skin alteration. Since most of the information in this regard was 
uncovered in the 35 patients in this series studied personally, the true incidence 
is probably higher than the figures we can give indicate. Excluding patients 
with cardiac disease, nephritis, low serum proteins, varicose veins, etc., there 
were 26 patients who had dependent edema of the lower extremities appearing 
during the course of the neuropathy. In several instances pitting edema as 
high as the knees was obseiwed. This type of edema occurring as it does in 
many different types of peripheral neuropathy is presumabl}’’ due to involvement 
of the vasomotor nerves (Piyce, 6, Buzzard, 9). Lange (66) reported observa- 
tions showing that capillary permeability is increased after sympathectomy. 
Thirteen patients noted decreased or absent sweating over the feet and legs 
usually in areas of sensory disturbance. Objective confirmation of this abnor- 
mality was made in 11 patients b}'' the use of the starch-iodine sweating test 
(Minor, 67, List and Feet, 68). Three patients had localized areas of painful 
hyperesthesia in which there occurred profuse sweating at times when the skin 
elsewhere was dry. Intolerance to extremes of temperature, both hot and cold, 
was a complaint not infrequently encountered in these patients. Drenching 
night sweats were noted by 6 patients who were afebrile and who were demon- 
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strated by careful investigation to bo free of infection or evidence of tuberculosis. 
These observations suggest impaired temperature regulating mechanisms per- 
haps due to imperfect control of the sweat glands and vasomotor adjustment of 
cutaneous blood flow to bo referred to in detail below. In 4 of our recent pa- 
tients with chronic neuropathy the skin over the extremities became shiny and 
atrophic, and, in another patient, diy and fissured apparently due to decreased 
function of the sebaceous glands. Loss of vasomotor and pilomotor control, and 
dependent rubor of the extremities not indicative of peripheral vascular disease 
was observed during shin temperature studies to he described below. The 
following case reported in detail by Foster (170) illustrates some of the effects of 
peripheral degeneration of autonomic nen'es in a patient with an unusual, 
“ncurotropic” (Jordan, 11, 30; Bailey and Boot, 18) type of joint destruction. 

tv. E., <(519903. This 23 year old white male entered the hospital complaining of trouble 
in walking, dependent edema and enlargement of the left foot. He had had diabetes for 
over 8 years treated by a haphazard diet and small daily injeotions of regular insulin. He 
had not gained in weight or height after the onset of the diabetes and had never been strong, 
but had been able to earn a living managing a pool room. 

Two to three years before admission his legs gradually became numb as well as weak. 
Six months before admission the left foot became enlarged, the arch Hattcned, and edema 
was noted to appear mth standing. There was alight pain on walking especially after the 
foot became edematous. 

physical examination showed a generally weak but fairly well developed and well nour- 
Isbcd young male. The IcU pupil was larger than the right and both reacted sluggishly to 
light and accommodation. Numerous punctate hemorrhages and scattered areas of exudate 
were present in the retinae. The tendon reflexes were all absent even with strong rein- 
forcement. The dorsifiexors of the left ankle w'cre disproportionately weak. Pain, tactile, 
and temperature sensibilities were absent below both knees but were about normal above 
the mid«thigh region. There was diffuse swelling about the left foot and anklo but no 
break in the skin or apparent infection. The feet were worm and the arterial pulses bound- 
ing. X-ray films of the left foot showed extensive disruption of the tarso-motatarsal joints 
with loss of joint surfaces and many loose bodies. 

The blood pressure on many occasions averaged in the supine position 120/70 mm. of 
mercury with a pulse of 65 per minute. In the erect position the blood preesuro gradually 
dropped to 100/60 or below with the pulse rising to 110'120. A starch-iodine sweating test 
'' ... ■ • •' i ; • •: . ! .■ ‘cnees. Cysto- 

‘ .'r'*.! -v: • . filling, but no 

urinary residual. Skin temperature studies (Dr. D, B. Foster) showed the loft leg to bo 
constantly warmer than the right with slight local heat in addition about the left foot. 
Nicotine produced a fall in skin temperature in both arms and in the right leg but a rise 
in the temperature below the left knee. 

The diabetes was found to be poorly controlled with continual hyperglycemia but with- 
out ketonuria or acidosis. After 2 months application of a leg cast all pain and local heat 
had disappeared from the affected foot. There was, however, no change in the roentgen 
appearance of the bones of the foot. 

Orihoslatic Hypotaimon and Orthoslaiic Tachycardia. Defective orthostatic 
rcgiilation of the blood pressure was a somewhat unc.xpoctcd finding in 8 of our 
patients with diabetic neuropathy (09). Tins physiologic abnormality has been 
reported in severe form in less than a hundred cases since it was first described 
by Bradbury and Eggleston in 1926 (70). The characteristic symptoms are 
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faintness or syncope when the subject assumes an erect position, especially after 
arising in the morning, when fatigued, or after exertion such as climbing steps. 
The blood pressure in the supine position is usually normal but the systolic and' 
to a lesser extent the diastolic pressure declines precipitously on standing. When 
the systolic pressure falls below 50-60 mm. of mercury faintness, dizziness, or 
sjmcope follows. The s 3 mdrome, although no uniform clinical entity, is often 
associated \wth disturbed function of the sympathetic nervous system (Baker, 
71, Stead and Ebert, 72, Young, 73, Jeffers et al., 74, Laplace, 75, and others). 
In the prewously reported cases, to which extensive reference has recently been 
made by Spingam and Hitzig (76), the circulatory abnormality has been asso- 
ciated vdth tabes dorsahs, unclassified diseases of the central nervous system, 
sequellae of encephalitis (Alvarez and Roth, 77, Laufer, 78, Massee, 79), myas- 
thenia gravis, and Addison’s disease. In a large number of cases, however, the 
etiology has been obscure. The syndrome has not been reported to occur with 
the commoner types of peripheral nerve disease nor in diabetic neuropathy, vlth 
, the possible exception of EUis and Haynes’ (80) second case in which diabetes 
was present but with httle to suggest typical neurologic disease due to diabetes. 

Orthostatic hypotension with typical symptoms of orthostatic circulatory 
insufficiency occurred in 5 of our patients (Table III), None of them were 
confined to bed when the blood pressure readings were taken. When changing 
rom the supine to the erect position the systolic blood pressure fell 50 or more 
am. of mercury, the diastohc pressure often became imperceptible, and the 
»ulse weak, rapid and of poor quality. Lack of reflex cardiac acceleration was 
LOt observed. The Flack test (81) was made in 3 patients and resulted in prompt 
yncope in each. Oliguria and diminished renal function with standing was 
lemonstrated in the 1 patient tested. 

Three patients without definite sjTnptoms of orthostatic circulatory insuffi- 
iency had less pronounced but excessive fall in blood pressure with postiual 
hange and orthostatic tachycardia. 2 of these patients (T. F., 519430, p. 119, 
,nd W. E., ^ 519963, p. 133) have already been presented in detail. The third 
ras admitted to the hospital for investigation of arterial hypertension associated 
iith diabetes. The unusual genitourinary symptoms and the evidence of sym- 
(athetic neiwe degeneration have already been referred to (p. 131). His blood 
iressure when .supine averaged 178/96 (pulse 102) and when standing 120/80 
(pulse 120). 

Aside from the uniform background of diabetic neglect and neuritic symptoms 
of fairly long duration this group had other notable abnormalities in common 
(Table III). Chronic or recurrent diarrhea was present in 5 cases, severe con- 
stipation in another. All of the males except 1 w^ere impotent. Five had an 
atonic bladder paralysis and in 2 others suggestive symptoms were present but , 
not investigated cystometrically. Six of the 8 had abnormal pupillary reactions. 
In 3 cases the pupils were of Argyll Robertson type, in 2 cases there being no 
evidence of sjphilis wliile in the third there was a histoiy of treated sero-positiye 
primary lues. The majority had evidence of peripheral sympathetic nerve dis- 
ease. Sweating %vas decreased to absent over the feet and lower legs in 6 patients. 
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Skin temperature studies carried out in 2 cases showed loss of normal vaso- 
constriction in the lower extremities when exposed to a cold environment. 

The occurrence of orthostatic hypotension and the closely related phenomenon 
orthostatic tachycardia in patients mth diabetic neuropathy is of considerable 
interest both as a feature of diabetic neuropathy and as a source of further 
information regarding the pathogenesis of abnormal orthostatic blood pressure 
regulation. When the syndrome occurs in association vdth diabetic neuropathy 
the general clinical features are quite uniform. It has been observed by Barker 
(82) and Chew, Allen, and Barker (83) that patients with orthostatic h 3 q)o- 
tension of diverse etiologies exhibit clinical abnormalities not essentially related 
to the faulty control of blood circulation. The clinical findings almost invariabty 
present, s 3 mcope, diz^ spells, weakness after exertion, impaired renal function 
vith oliguria when upright, etc., are directly related to the circulatory collapse 
when the patient stands. Other conditions which are of sporadic occurrence, 
and therefore not necessarily related to the orthostatic maintenance of blood 
pressure, include lack of reflex cardiac acceleration (present in all three of Brad- 
bury and Eggleston’s cases), impaired regulation of the body temperature (symp- 
toms worse during the summer’s heat, generahzed “cold” feeling, 77) regional 
or generalized sweating deficiency, chronic diarrhea, edema of the lower extremi- 
ties, neurogenic bladder paralysis, and impotence. The latter symptoms,^ with 
the exception of lack of reflex cardiac acceleration, occurred commonly in our 
patients with severe diabetic neuropathy, even in those \vithout orthostatic 
‘Circulatory abnormality, and can largely be accounted for on the basis of disease 
of the peripheral autonomic nerves. This degeneration, moreover, appears to 
play an important etiologic role in the syndrome although the relative importance 
of several mechanisms, loss of adequate arterial vasoconstriction with increased 
hydrostatic pressure, decreased venous return to the heart (84) whatever the 
immediate cause of that may be, decreased blood volume when standing (84, 85), 
and perhaps loss of afferent nenre impulses normally initiating reflex orthostatic 
circulatory adjustments, is not yet knovm. In some of the reported cases cen- 
tral nervous lesions rather than peripheral nerve disease appear to be responsible. 
If the pupillary abnoimahties present so often (71, 86, 87, 88) signify more than ■ 
peripheral nenm disease, and it is thought that at least Argyll Robertson pupils 
do (89), the essential lesion of the orthostatic syndrome may possibly be in the 
hypothalamic region subserving autonomic functions. 

Association of Diabetic Neuropathy and Retinopathy. The existence of a spe- 
cific type of retinal disease caused by diabetes mellitus is no longer disputed 
(Wagener and Wilder, 90, Wagener, Story and Wilder, 91, Gray, 92, Waite and 
Beetham, 33, Barkan and Gray, 93, and others). In recent years, moreover, 
it has been shown to affect young diabetics as well as the old, those ■with severe 
diabetes as ■well as mild, and that it appears in the absence of hypertension, 
impaired renal fxmction, and albunainuria (Hanum, 94, TWiite, 35, O’Brien and 
Allen, 95, Bloch, 96, and Tooke and Nicholls, 97). The etiology of diabetic 
retinopathj’-, the factors both immediate and remote which are responsible and 
their relationship to diabetes, however, remains unsettled. Wagener, Stoiy and 
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Wilder (91) pointed out that retinal disease and peripheral nerve disease were 
frequently associated together in diabetic patients, that 25 per cent of a large 
group of patients nith diabetic retinitis had in addition diabetic neuritis. The 
converse relationship appears in our patients with diabetic neuropathy since 43 
(34.4 per cent) of the 125 had retinal disease characteristic of that due to dia- 
betes. The coincidence of these 2 diabetic complications appears more than 
fortuitous since the total incidence of neuritic disease in our diabetic clientele is 
around 5 per cent, and the incidence of diabetic retinal lesions probably not over 
10 per cent. In a few cases we have seen the 2 complications developing simul- 
taneously. The eailiest stage of diabetic retinopathy, characterized by punctate 
hemorrhages located centrally and near the larger retinal blood vessels, was found 
in 16 of our patients. Hemorrhages with “cotton-wool” or refraotile exudates 
occurred in another 24. In 3 patients we obsen'cd the retinal lesions progressing 
through these stages to that of a proliferating retinopathy, with linear and 
superficial hemorrhages, scar tissue, new-formed, dilated, tortuous veins and 
capillaries, etc. One of the latter patients was first seen when complaining of 
symptoms of a mild neuropathy 9 months after glycosuria had been discovered 
in a routine urinalysis. Four years later decreased visual acuity led to the 
discovery of punctate hemorrhages and exudates. In another 6 months an 
extensive proliferating retinopathy was present reducing her visual acuity be- 
yond the point of serviceability. She liad always been erratic in following recom- 
mendations for treatment of her mild diabetes but had cncounteied no other 
complications. A second patient, a 33 yr. old male, developed a severe neurop- 
athy 3-4 weelrs after we started treatment of the diabetes which he had flagrantly 
neglected for 5 years. A few weeks after the onset of neuritic symptoms punc- 
tate letinal hemorrhages appeared, followed in a few more weeks by extensive 
hemorrhage with exudates and, for the first time, arterial hypertension. The 
neuritic symptoms slowly improved during the following months but the visual 
status became increasingly grave. Nine months after the appearance of the first 
retinal lesions a proliferating retinopathy had developed, vith retinal detach- 
ment, 0. S., and almost complete loss of vision. The course v as terminated by 
sudden death in the hospital by the occlusion of an atheromatous coronary 
artery. The third patient who had a most unusual rccoveiy from this type of 
retinal disease has been referred to in detail above (D. S., jSS 391721, p. 114). In 
a few other instances retinal hemorrhages were observed to disappear gradually’ 
as adequate diabetic treatment was maintained over a period of months. 

The pathologic changes in diabetic retinopathy, well described by Ilanum 
(94) in his excellent monogi'aph, are essentially due to hemorrhages from small 
capillaries and veins of the retina. The proliferative aspect in severe cases is 
associated with connective tissue organization of areas damaged by hemorrhage. 
Hanum’s statement that he “never found any relationship between artorio- 
sclorotio vascular changes and the gravity of the retinal changes” is in agreement 
with the experience of others (33,91). There is thus little support for the 
opinion sometimes expressed (Anderson, 98) that the retinal lesions are analogous 
to llic arteriosclerosis of diabetes or tliat a fundamental abnormality of fat 
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tients presented clinical evidence possibly indicating significant degrees of occlu- 
sive vascular disease while in 100 (80%) there was none. 

Sldn temperature deteminations under standard conditions have proved to 
be a valuable technique in the quantitative estimation of peripheral blood flow. 
In order that vascular disease not ordinarily detected clinically might not be 
overlooked in our patients vuth diabetic neuropathy sldn temperature studies 
were done in 8 selected cases. 

One of the important temperature regulating mechanisms of the body concerns the 
vasomotor control of the cutaneous and subcutaneous blood vessels. Heat is dissipated 
more rapidly when the surface temperature rises (vasodilation) and conserved when the 
surface temperature falls (vasoconstriction). If an average, healthy, unclothed or lightly 
clothed individual under basal conditions is exposed to an environmental temperature of 
30-32°C. over a period of time adequate for acclimatization, the skin temperature in various 
regions of the body will be found approximately uniform, some 2-3°C. below the rectal 
temperature (112, 113, 114). As the environmental temperature falls the need for heat 
conservation null arise and vasoconstriction of the cutaneous blood vessels \vill occur, and 
result in diminished surface blood flow and a lower skin temperature. The latter does not 
fall uniformly in all areas of the body, however, but to a disproportionate extent in the 
extremities (115, 116). Vasoconstriction begins in the lower extremities when the room 
temperature is about 29°C. and is complete at about 27°C. when the temperature over the 
feet is 5-6°C. lower than the average trunk temperature (a difference of 10°C. or so may 
be seen in Raynaud’s disease). Vasoconstriction in the hands begins at about 26~27°C. 
and progresses to a similar degree. The average trunk temperature falls but 1-2°C. as 
the environmental temperature falls from 30°C. to 24°C. and the internal temperature 
not at all. 

For clinical testing it is sufBcient to compare the internal or the average trunk temper- 
ature with that of the distal extremities at the extremes of the zone of vasomotor control 
(25°-30°C.). The factor of humidity may be neglected (117). A subnormal temperature 
of the extremities after exposure to an environment of 30-32°C. is characteristic of occlusive 
arterial disease (occasionally abnormal vasoconstriction). Failure of the peripheral skin 
temperatures to fall with exposure to a room temperature of 25'’C., with chilling of the 
patient, indicates defective vasomotor function, etc. 

Hospitalized patients were used for all tests. At 7 a.m. without preceding food, water 
or activity they were transferred to a stretcher and taken to a still room where the temper- 
ature had previously been adjusted to the desired level. There they were exposed to the 
air for 1 hour, or longer if the skin temperatures were not constant, wearing the minimum 
of clothing. Selected spots (115) over the trunk, hands and feet were chosen for recording 
the skin temperatures with a Tycos Dermatherm. Of particular interest is the comparison 
of the average trunk temperature (average of the forehead and infraclavicular readings) 
with the average foot temperature (average of the plantar surfaces of the first three toes, 
mid-plantar, and mid-dorsum readings) under different environmental conditions. Data 
from 4 typical cases is presented graphically (Fig. 1). 

M. G., 521512. The detailed case history of this patient has been presented 

above (p. 127). She was chosen for skin temperature studies because of her 
complaint of “cold” feet, and the presence of infected toes vith cutaneous gan- 
grene — often accepted as proof ■\rithout further ewdcnce of occluding arterio- 
sclerosis in diabetics. The arterial pulses at the ankles were strong, however, 
and the color of the feet nonnal. A sweating test showed absent sweating about 
the feet and lateral aspects of the lower legs. 

At a room temperature of 26.2°C. the average temperature of the left foot 
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was 5A°C. less than the average trunk temperature, showing about the normal 
degree of vasoconstriction. The right foot, however, was found to have in 
addition to the locally increased temperature about the infected toes an average 
temperature some 2°C. above that of the left, probably due to impaired vaso- 
motor function. At a room temperature of 32.3°C. the average temperature of 
both feet was near that of the trunk, indicating unimpaired peripheral blood flow. 

J. H., ^502333. The post-appendectomy onset of this patient’s diabetic 
neuropathy has also been referred to above (p. 125). He was tested 15 mos. 
after the onset when muscle tenderness, generalized aching, stiff and painful 
joints, and diminished or absent tendon reflexes still persisted. The skin over 
the hands and lower legs w^as tliin, smooth, and shiny. The peripheral arterial 
pulses were all palpable and bounding. A sweating test showed diminished 
sweating below the foreaims and absent sweating below the loiees. Both hands 
and feet showed rubor w'hen dependent and a normal color wth elevation. 

When acclimated to a room temperature of 25.2°C. he felt cold, could barely 
abstain from shivering, and had “gooseflesh” over the trunk and arms but not 
below the mid-thigh report. The average foot temperature was but some 2°C. 
below that of the trunk, shoving greatly impaired vasoconstriction. Nicotine 
from deep inlialation of cigarette smoke gave no further drop in peripheral tem- 
perature and the least exertion, moving or talking, produced an immediate rise 
in temperature of 0,5-1 .0°C. At higher room temperatures the feet were as 
warm as the trunk, indicating normal peripheral blood circulation. 

J. D., ^ 525233. This 66 yr. old male had had poorly controlled diabetes 
with frequent bouts of mild acidosis for 14 yrs. and neuritic symptoms for 
4 yrs. In addition to the neurologic abnormalities — sluggish, unequal, miotic 
pupils, weak, tender muscles, absent ankle and knee reflexes — he had many 
small retinal hemorrhages and an atonic bladder. He was 1 of the 2 patients 
chosen for skin temperature study because arterial pulses could not be palpated 
at the anldes and the temperature of the feet was usually subnormal. The skin 
below the knees was thin, dry, and shiny but the color was normal. 

IVhen acclimated to a room temperature of 23.4'’C. he was chilly, uncomfort- 
able, and on the verge of shivering. A fair degree of vasoconstriction was 
present in the feet, however, as shown by the 4°C. difference in the foot and 
tmnlc .temperature. At 30.7°C. the foot temperature was 2°C. below that of 
the tmnk, probably indicative of not more than a moderate degree of arterial 
disease. 

H. C., 524359. The detailed case history of tins 17 yr. old boy had already 

been presented (p. 116). There was no clinical reason to suspect peripheral 
vascular disease. At a room temperature of 23.4°C. w^hich made him uncom- 
fortably cliilly, somewhat less than the degree of vasoconstriction normally 
expected was present. Every slight exertion resulted in a rise in the peripheral 
skin temperature. T^flien exposed to a room temperature of 30.8°C. the periph- 
eral temperature exceeded that of the trunk, positive evidence of the adequacy 
of the peripheral circulation. 

Summarizing the results of the slrin temperature studies done in the 8 patients 
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diabetic nouropatby, these studies failed to disclose occlusive arterial dis- 
ease which could not be recognized readily by other clinical methods. Even in 
the less common patient with recurrent infection, cutaneous gangrene, or cold 
feet without palpable arterial pulsations, evidence of severe circulatoiy impair- 
ment was not obtjunod. Peripheral arterial and peripheral nerve disease may 
coexist, of course, in individual patients. There is little evidence, however, in 
our group of patients with diabetic neuropathy to support the contention that 
vascular factors are important in the etiology of this type of peripheral nerve 
disease. The skin temperature studies showed that in patients with other evi- 
dence of disturbed peripheral sympathetic nerve function already mentioned — 
lack of sweating, edema, loss of pilomotor activity, etc. — ^vasomotor function 
may bo diminished or lost. Excessive vasomotor activity such as occurs in 
Raynaud’s disease, for example, was not encountered. 

Vitamin B Deficiency and Diahclic Nenropathy. The etiologic rdle of vitamin 
B deficiency in the development of diabetic neuropathy has been discussed 
frequently in recent years. In 1922 Harris (29) compared the neuropathy of 
diabetes with that of alcoholism and beriberi, as indeed had Charcot in 1890 (10), 
and suggested the possibility of some common nutritional etiologjc Wohl (118) 
leportcd in 1920 the case of a diabetic woman "who died in a cachectic state of 
chronically unregulated diabetes who showed definite clinical evidence of aid- 
tanunosis. He investigated the nutritional status of other diabetics with neuritio 
symptoms and concluded that vitamin deficiency was the cause of the nerve 
disorder. Many authors have since concurred in tliis opinion (hCnot, 119, 
Wechsler, 120, 121, Cobb and Cogglcshall, 122, Vorhaus, Williams and Water- 
man, 123, Sciclounoff and Brocenrd, 124, Williams and Spies, 125, Jolliffe, 13, 
Aiing, Evans, and Spies, 126, Sebrcll, 127, Youmans, 128, Duncan, 129, and 
others) . 

The possibility was then suggested (Jolliffe, 13, Williams and Spies, 125) that 
diabetic diets in general were deficient in vitamin B content. Although the 
“cachectic” diabetics with neuropathy so frequently referred to arc clinically 
obsolete, the older types of diabetic diets which they followed were doubtless 
grossly deficient in many nutritional essentials. One of our recent patients ivith 
diabetic noirropathy had continued to follow uithout medical advice a diet 
prescribed over 15 yrs. prcHously. Calculations showed that Ids diet was not 
only nearly devoid of calcium but contained less than one-fifteenth the amount 
of ascorbic acid and less than one-half the amount of riboflavin generally con- 
sidered essential. The nutritional adequacy including the protein, mineral, 
caloric, and vitamin content of the modem diabetic diet, however, is an entirely 
differcixt niattcr. Joslirr (35) has shown that the diabetic now in addition to 
other nutritional essentials is likely to obtain more vitamins, especially of the 
B group, than other members of his family. The litamin content of the diets 
prosenbed in their clinic appro.ximatcs closely that recommended by the Na- 
tional Research Council (130, 131). Owens, Rockwem, and Brown (132) studied 
the diabetic diets in a different clinic and found that most diabetic diets were 
adequate m both vitamin B and C content. The blood ascorbic acid level (133) 
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in 100 old and in 25 new diabetic patients attending a clinic for those of low 
economic status averaged higher than in 50 unselected controls. A sampling of 
diabetic diets served to our hospitalized patients and prescribed in our clinic 
during the recent past w^ere calculated to show daily vitamin intakes closely 
approaching or exceeding that recommended by the National Research Council. 

^ Most of our diabetic patients who developed neuritic complications, however, 
did so while follomng unrestricted diets or diets qualitatively modified to avoid 
high carbohydrate foods. Tins modification in general tends to increase the 
vitamin B content of the diet. Diet histories in these patients have shown 
diets of at least average adequacy, certainly adequate enough to maintain other 
non-diabetic members of the family in excellent health and among whom none 
ever complained of neuritic symptoms. Jordan (11) investigated the diet in 
63 patients with diabetic neuropathy and found only 1 whose diet appeared to 
have been deficient. Needles (134) made a verj'" careful study of the antecedent 
diets of 2 diabetic patients who developed peripheral nerve disease and found 
that the thiamin content had been more than ample. 

Other explanations have been advanced to account for the postulated vitamin 
deficiency leading to neuropathy in diabetics such as defective absorption, loss 
of water soluble vitamins through polyuria as in the experiments of Cowgill 

(135) , or some increased metabolic need leading to a “conditioned malnutrition’' 

(136) . None of these suggestions have been confirmed in clinical or animal 
investigations. Robinson, Melnick and Field (137) studied the urinary excre- 
tion of thiamin in 24 hr. urine specimens and following a test dose of thiamin 
in a large number of patients including 6 diabetics 4 of whom had peripheral 
nerve disease. All 6 of the diabetics had normal excretory values. Pollack, 
Ellenberg, and Dolger (138) likewse investigated the vitamin Bi excretion in 
139 diabetics and found values possibly indicating thiamin deficiency in only 
13, a lower percentage than among a control group of unselected individuals. 
More recently Needles (139) reported thiamin excretion studies in 6 diabetics 
with well substantiated neuropathy. In 5 of them he found entirely normal 
values and in 1 a value slightly below normal. Experimentally, Styron and 
collaborators (140) found that diabetic and non-diabetic rats placed on thiamin 
deficient diets develop evidence of tliiamin avitaminosis with equal rapidity. 
Whereas, finally, it wms once thought that the abnonnal carbohydrate metab- 
olism of untreated diabetes could at least be partially corrected by vitamin B 
administration, this opinion has now been generally abandoned (Trasoff and 
Bordin, 141, Jackson and Barth, 142, and Owens, Rockwem, and Browm, 132). 

Typical lingual and cutaneous signs of vitamin B deficiency (Jolliffe, 137, 
Jeghers, 143, 144) have been descxibed, however, in diabetic patients on many 
occasions. S 3 ’’denstriker, Geeslin, and Weaver (145) reported observing nico- 
tinic acid and riboflavin deficiencies in 3 diabetics with various complications. 
The avitaminosis w'as apparently precipitated by increasing the carbohydrate 
content of the diet and the insulin dosage. The lesions healed promptlj'- with 
specific vitamin therapy. A number of diabetic patients with pellagrous skin 
manifestations were reported by Rudy and Hoffman (146) . In several instances 
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the cutaneous lesions disappeared rvitli nicotinic acid therapy in spite of the 
diabetes remaining uncontrolled. In 1 patient neuritic symptoms appeared 3-4 
weeks after the beginning of nicotinic acid administration, 200 mg. per day. 
Freston and Laughlin (147) investigated vitamin deficiencies in a group of 93 
diabetic children in a summer camp. Twenty-five of the children (2C.8 per cent) 
showed clinical signs of vitamin deficiency, with one exception all of the B group. 
In 18 cases it was thought that thiamin deficiency was present, and in 10 cases 
deficiency of vitamin Bj. Twelve of the 25, however, had absent tendon reflexes 
as the only sign of avitaminosis and this was assumed to represent thiamin de- 
ficiency. Poor control of the diabetes, hepatomegaly, and neuritic manifesta- 
tions were found to parallel each other in incidence. 

It is now generally accepted that deficiencies in the vitamin B group tend to 
be multiple in their incidence. Thiamin deficiency for example is rarely present 
wthout some evidence of ribofla%dn or niacin deficiency. If diabetic peripheral 
nerve disease were due to B-a\'itamino3is clinical evidence of such deficiency 
other than the neuritic disorder should be present in a significant percentage of 
cases. Such evidence in the cases reported to date, even in the series where this 
aspect of the problem was emphasized (Rudy and Muellner, 56, Fein, Ralli and 
Jolliffe, 149, and Needles, 139), has been nearly if not completely absent. In 
our own patients with diabetic neuropathy lingual or cutaneous signs suggestive 
of vitamin B deficiency were rarely apparent, even though a large number of 
them wore examined by a group of investigators espooially interested in the 
minor ovidonces of deficiency apt to be ovcrlookod in the northern states (Field, 
et al, 148). One patient with a psychopatliic porsonaUty had been litdng alone 
on a starvation diet and on admission there was hyperkeratosis, roughening of 
the skin over the pressure areas, and a smooth, red tongue. Eight or 10 patients 
in the series had somewhat reddened tongues without papillary atrophy which 
became noimal when hydration was established. Other than this there was no 
definite evidence of vitamin deficiency in our group with diabetic neuropathy. 

Divergent views are held regarding the cfificacy of vitamin supplements in 
the treatment of diabetic neuropathy. Several factors contribute to this differ- 
ence of opinion, among them being different criteria employed in diagnosis, lack 
of faimliarity on the part of some investigators with the results of diabetic 
therapy alone, and the difficulty encountered in disentangling the effects of 
abnormalities of metabolism possibly due to vitamin deficiency from those due 
to diabetes mcllitus itself. Definite therapeutic benefit, for example, was re- 
ported by Fein, Ralli, and Jolliffe (149) who selected 9 patients with peripheral 
neivo disease from a group of 422 ambulatory diabetics and gave them 10-15 
mg. of thiamin daily by mouth for 3-4 weeks. The neuritic disease was mil d, 
however, in everj' instance. Diabetic treatment was started concomitantly in 
2 patients and 3 others had hjTierthyroidism wliioh tends to produce an unstable 
diabetic regulation. Insulin was adjusted as needed for each individual during 
the period of treatment. A number of atypical cases not responding to treat- 
ment wore excluded. Owens, Rockwem, and Brown (132) and Rudy and 
jMuellncr (56) reported similar it less piouounced tliompoutie results after several 
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weeks or months of vitamin Ba administration (see below). Needles (139) on 
the other hand treated 7 patients with more severe and characteristic diabetic 
neuropathy over an average period of 5| months with daily doses of 10-15 mg. 
or more of thiamin. He concluded that thiamin was of no value therapeutically 
and in fact 2 patients became progressively worse during the time of its adminis- 
tration. Joslin (35), Wilder (150), Levy (151), and White (152) have also found 
thiamin and other vitamin B fractions ineffective in' the therapy of diabetic 
neuropathy. 

Until recently our diabetic patients ivith neuritic complications were given 
almost routinely, at least during their hospital stay and in addition to their 
standard diabetic care, heavy vitamin B supplements in the form of brewer’s 
yeast, thiamin hydrochloride, and niacin. Only after observing the persistence 
of acute nem-itic disturbance for weelcs or longer in spite of this treatment were 
we led to question the value of the vitamin therapy. In judging the clinical 
response to \’itamin B administration the criteria outlined by Aring, Evans, and 
Spies (126) should be recalled. In true de6ciency states a de6nite response 
occurs wuthin 7-14 days after adequate vitamin therapy is started. If there is 
no response further vitamin administration vill be unavailing and the thera- 
peutic test is negative. 

At least 6 of our patients were given large doses of thiamin orally and paren- 
teraUy for several weeks or even months by their home physicians ■while the 
diabetes remained uncontrolled. In ail cases the neuritic disability became 
progressively -worse. In spite of the observations cited above that signs of 
avitaminosis in diabetics can be cured by specific vitamin therapy even though 
the diabetes remains uncontrolled (145, 146), I have never seen clinical improve- 
ment in diabetic neuropathy by any treatment regimen in the absence of effective 
'diabetic control. Thirty-two of our hospitalized patients were given 10-20 mg. 
of tliiamin orally for 2-3 weeks or longer. About half of them were given 40-50 
gm. of brewer’s yeast daily in addition. No definite benefit could be ascribed 
to the vitamin administration. The addition of 200-400 mg. of nicotinic acid 
daily likemse failed to be beneficial. Daily intramuscular injections of 20-50 
mg. of tbinrnin hydi’ochloride up to such doses as 1000 mg. in 14 days and 1900 
mg. in 25 days (in 'addition to 40-50 gm. of brewer’s yeast daily by mouth) 
failed to modify the neurologic status in several instances. I have repeatedly 
observed exquisite muscle tenderness and cutaneous hyperesthesia persist -^rith- 
out change thi’ough 2-3 weeks of such massive vitamin therapy. In patients 
becoming rapidly -worse as their treatment is started, the addition of -vitamin 
supplements wall not prevent clinical progression. A number of recent patiente 
■tt'ho have been given no vitamin supplements appear to be recovering from their 
neuropathy as rapidlj’- as any have in the past. 

A pooi'ly understood and disturbing phenomenon encountered in the treat- 
ment of diabetic patients with associated neuropathj'" is the acute intensification 
of the neuritic disease -which sometimes occurs shortly after control of the 
diabetes is undertaken. Neuritic disease may also appear for the first time in 
those -nith a liistory of prolonged diabetic neglect a few weeks after treatment is 
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begun. Since this occurrence has a bearing on the relation of vitamin B defi- 
ciency to diabetic neuropathy it -ii-ill be discussed in tliis connection. An illus- 
trative case is presented. 

B. S., iS^521S61. This 40 yr. old married schooUeachor was first seen at the University 
Hospital on 3/16/43. Two years previously increased thirst and polyuria developed and 
in 8-10 months time despite an “enormous” appetite her weight tell from her average 128 
lbs. to 103 lbs. She continued to bo weak, underweight and chronically tired. Si.v to eight 
months before her hospital visit she consulted several physicians because ot the develop- 
ment of •severe constipation. Finally glycosuria was discovered and a number of succes- 
sively lou'cr carbohydrate diets were prescribed which failed to clear the urine of sugar. 
Her weight continued to fall and finally reached 03 pounds. She was never given insulin. 
She noted recurrent pains about the left axilla and lower abdomen and occasional numbness 
and tingling about the feet. 

Physical examination onher first visit showed undernutrition and a few areas of psoriasis. 
The ankle reflexes were diminished and the calf muscles were tender. There was a heavy 
glycosuria and a moderate ketonuria. The fasting blood sugar was 250 mg, per hundred cc. 
and the plasma ascorbic acid O.CO mg. per hundred cc. She was treated as an outpatient 
for 3 weeks. On a 2800 cal. diet containing 100 gm. protein and 150 gm. carbohydrate, her 
daily insulin requirement was 25 units of protamine zinc and 15 units of regular insulin 
before breakfast and 20 units of regular insulin before supper. She became aglycosuric and 
the fasting blood sugar averaged 100 mg. per hundred cc. She was discharged homo clini- 
cally improved having gained 15 lbs. in weight and without complaints. 

At home the diabetes remained equally well controlled. One week after discharge, how- 
ever, the muscles of her back and extremities began to ache and feel sore, the skin over her 
feet to burn, prlcklc and feel numb. Severe constipation appeared and required the con- 
tinual use of enemas. Shooting pains “like jabs with a needle" occurred in the extremities. 
During a period of 2-3 weeks the pain and discomfort increased greatly, especially at night 
when she "walked the floor and cried," sleep being impossible Hypodermics of codeine 
were often needed. Her home physician gave her frequent injections of thiamin hydro- 
chloride and 6 mg. orally every day for the next 6 months. 

Seven to eight weeks after the onset of the severe ncuritic symptoms slow improvement 
began. Physical examination at that time showed average nutrition, a pink tongue without 
papillary atrophy, and no cutaneous signs of vitamin deficiency. There was pronounced 
generalized muscle tenderness. The right aclullcs reflex was absent, the left one greatly 
reduced. The sense of touch was absent and that of pain diminished about the feet and 
lateral aspects of the lower legs. • 

During the following weeks slow improvement continued and the use of codeine was 
terminated. Persistent constipation occasionally alternated with diarrhea. Anorexia 
especially in the morning lasted for a period of 2-3 weeks and her weight fell 7 pounds. 

Six months after the onset of the ncuritic symptoms she was able to resume work. Some 
numbness and painful tingling at the ankles remained and her calf muscles became sore 
with any more than the minimum of walking. Neurologic examination revealed no definite 
abnormalities. The complaint of diimnishcd visual acuity led to the discovery, for the 
first time, of numerous punctate retinal hemorrhages, some of tliom in the macular regions, 
and scattered areas of soft exudate, bilaterally. 

One year after her visit her only complaint was mild burning and cold feelings about 
her feet at night. An ophthalmologist found only » few punctate hemorrhages in the 
peripheral regions of the retina and no exudates. 

Twenty of our 125 patients (16 per cent) with diabetic neui’opathy became 
much ivoreo in this way some 2 or more weeks after diabetic treatment was 
started. It is unlikely tliat this would have occurred in the natural course of 
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the neuropathy since the various precipitating factors mentioned above (p. 125) 
were absent. In 7 cases a definite relapse in diabetic regulation preceded Ihe 
exacerbation. In^ several cases alternating hyperglycemia and hypoglycemia 
■with, insulin reactions occurred during the course of regulation, while in others 
the adjustment was perfectly uneventful. Many patients, and occasionally 
physicians, tended to blame the use of insulin, either the regular or the protamine 
zinc variety, for the neuritic exacerbation. Caravati (153) described this phe- 
nomenon as “insulin neuritis”. There were 4 patients in our series who became 
worse when placed on low carbohydrate diets without any ins nlin being used. 
The use of either regular or protamine zinc insulin may be followed by intensifi- 
cation of the neuritic disorder, but persistence in the use of either one or both 
will lead to a good clinical result if good diabetic regulation is attained thereby 
for an adequate length of time. I have seen no reason whatsoever to incriminate 
the use of insulin in the etiology of diabetic neuropathy. 

Since the suggestion has been made that increasing the carbohydrate utiliza- 
tion and insulin dosage duiing diabetic regulation may precipitate vitamin B 
deficiencies (145), we have sought for evidence in this regard. Cutaneous and 
lingual abnormalities suggestive of this type of deficiency were never observed 
during treatment even when the neurologic condition became acutely worse. 
Vitamin B therapy in these cases as in the others have been a failure. The 
^dtamin content of the diets followed by the patients who had neuritic exacerba- 
tions is of interest. Accurate information was available in the case of four of 
these patients, including the patient cited in detail, in whom there was no ques- 
tion as to the absence of dietary infraction. The amount of thiamin, riboflavin, 
niacin, and ascorbic acid in their daily diets as calculated from standard food 
assaj'^s (154, 155, 156) is tabulated (Table IV). The amounts compare favorably 
with those recommended by the National Research Council. Whatever the 
cause- of the exacerbation of the neurologic disorder which sometimes follows the 
beginning of diabetic treatment may be, we have no evidence of an induced 
vitamin B deficiency occurring at this time. 

Diagnosis. The diagnosis of diabetic neuropathy, although not difficult, is 
generally one of the least precise clinical diagnoses. It has been said that ran- 
dom aches and pains are often designated as “neuritis”, but just as often charac- 
teristic symptoms are ignored and conspicuous signs overlooked due to inexpert 
neurologic examination. It is well Icno^vn to all physicians who treat diabetic 
patients that muscular weakness, aches and pains, are almost constantly present 
in conditions of acute diabetic non-regulation. Muscle tenderness, cutaneous 
hyperesthesia, and diffuse abdominal pain even with abdominal rigidity are 
commonly seen in diabetic acidosis and dehydration (15). With treatment of 
the acidosis and hj'-dration these s 3 Tnptonis and signs subside completely. ^ While 
some authors refer to this as “h 5 perglyceraic neuritis” (Jordan, 11) there is scant 
justification for interpreting it as eiddence of organic disease of the peripheral 
nerves. There is little doubt, however, that an acute disturbance of nerve func- 
tion occurs at this time due to the same causes which, if they remain uncorrected 
long enough, lead to more permanent nerve damage. The diagnosis of diabetic 
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neuropatliy should not be made unless neuritic symptoms are or have been 
present and unless there are, in addition, definite signs ot neurologic abnormality , 
rvlrich persist "well beyond any period of acute diabetic non-regulation. 

Although diabetic peripheral nerve disease may occasionally occur early in 
the course of diabetes, this diagnosis will usually bo rvrong if the characteristic 
background of montlis or years of grossly uncontrolled diabetes is not present. 
In poorly treated or careless tabetics neuropathy should always be suspected 
along rvith other complications such as retinopathy and hepatomegaly. Loss of 
a considerable amount of weight, or failure to gain weight if the patient is young, 
rvUl usually have occurred. A history of the neuritic disturbance being intensi- 
fied or precipitated by factors wbich aggravate the diabetic status is a helpful 
point in diagnosis. The associated autonomic nerve di.sease resulting in gastro- 
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intestinal, genito-urinarj', orthostatic blood pressure abnormalities, etc., has 
already been emphasized as a part of the clinical picture of diabetic neuropathy. 

Many authors have described a type of diabetic peripheral nerve disease as 
pscudotabes (3. 10, 11, IS, 28, 27, and 157). Pupillniy abnormalities, shooting 
pains, absent tendon reflexes, and ataxia are some of tlie clinical characteristics 
included as a part ot tliis sj-ndromc. Among our group of patients with moder- 
ately severe or severe diabetic neuiopathy, I have been unable to segregate any 
well demarcated pseudotabotic group. The proposed differentiating character- 
istics were so commonly present tliat the majority could perhaps be called 
psoudotabetic. The term pscudotabes, aside from considerations of objection- 
able terminology and its frequent application to other clinical conditions, is of 
little descriptive value in this condition and might well be dropped. There is 























150 


K. 'WATNE RUNDLES 


no doubt, however, that syphihs and diabetes can produce a remarkably similar 
neurologic condition, difficult to distinguish with clinical certainty We have 
presented a case (T. F., ^519430, p. 119) where diabetic neuropathy developed 
m a patient who had been treated for syphihs. Although serologic tests were 
negative during the period of rapid chnical progression many observers beheved 
that lues could not ,be excluded as an etiologic factor in his iUness. 

Etiology. Many of the factors that bear on the important problem of the 
etiology of the peripheral nerve disease associated %vith diabetes meUitus have 
been referred to in detail above. We have seen that this compHcation makes 
its appearance only after months or even years of grossly uncontrolled diabetes. 
This lack of control is evidenced by the duration and gravity of the clinical 
symptoms, the Imo^vn hyperglycemia and glycosuria, the amount of body weight 
lost, the presence of other diabetic comphcations, etc. It has long been known 
that there is no correlation between the severity of the diabetes or any one acute 
complication of diabetes such as coma, acidosis, or ketonuria and the incidence 
of diabetic neuropathy. Fifty-six per cent of our patients, for example, had 
never had ketonuria demonstrated even at the height of their diabetic non- 
regulation. There is a stiildng correlation, however, between diabetic neglect 
of a degree permitting the patient to survive in a debilitated state of health, 
without succumbing to the acute complications of diabetes, and the ultimate 
development of neuritic comphcations. A review of the relevant information 
available justifies the opinion that neither occlusive vascular disease nor a pri- 
mary or conditioned vitamin B deficiency plays a definite etiologic r61e. From 
our clinical study the conclusion is inescapable that diabetic neuropathy is not 
only truly “diabetic” in etiology but results from the abnoimal metabohsm of 
chronically imregulated diabetes. 

Beyond the association of diabetic neuropath^’- Mth chronically unregulated 
diabetes any detailed metabolic explanation of the neuritic disease is as yet 
speculative. Insulin deficiency, in a manner not as yet understood chemically, 
leads to interference with carbohydrate utihzation. Wlien the diabetic by 
reason of insuhn lack cannot utihze carbohydrate in an amount adequate to 
satisfy his metabolic needs, protein and fat, the latter especially, are o>ddized 
to meet energy requirements (Stadie, 158). A considerable fraction of the fat 
undergoes a preUminary oxidation in the liver to ketone bodies, which are then 
complete^ oxidized peripherally. Ketones are not abnoimal metabohc prod- 
ucts, accordingly, and cannot be considered toxic or harmful to nervous or other 
tissue. When catabolism of fat exceeds a certain maximum, about 150 gm. per 
day (158), ketonuria appears and this in turn leads to the development of dia- 
betic acidosis (Mirsk}’’, 159). Our clinical evidence indicates that peripheral 
nerve disease arises ivlien these metabolic adjustments consequent to insulin 
deprivation fail to maintain adequate nutrition. In considering the metabolic 
origin of diabetic neuropathy the carbohydrate deprivation may be paramount, 
but the excessive oxidation of fat possibly leading to peripheral demyelinization 
(160) as well as the protein breakdovm which occurs cannot be ignored. 

It is well established that under normal conditions carbohydrate is the prin- 
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cipal type of foodstuff utilized in the metabolism of nervous tissue (Quastel, 
161). It would not bo unreasonable to postulate that any disease interfering 
with carbohydrate utilization might lead to neuropathy. Thiamin deficiency, 
perhaps the commonest and best understood cause of peripheral nerve disease, 
produces a “biochemical lesion” in carbohydrate metabolism wherein there is a 
failure of pyruric acid oxidation (Peters, 102) with the accumulation of this 
substance and lactic acid in the tissues. No comparable metabolic abnormality 
is hnown to occur in diabetes (Bending, Wortis, and Fein, 163, Joslin, 164). 
Sinclair (165) has recently emphasized the possible r61e of malnutrition in the 
pathogenesis of peripheral neuropathy. He states that arsenic, a rvell knorvn 
cause of peripheral nerr'e disease, is now known to interfere in a manner similar 
to thiamin deficiency with carbohydrate metabolism and suggests that other 
known toxic agents may exert their harmful influence similarly. If abnormal 
carbohydrate metabolism, leading in effect to neuron starvation, proves to be a 
common denominator in different types of peripheral neuropathy, it is likely 
unimportant as regards the end result if the defect occurs at the 6 carbon stage, 
as in diabetes mellitus, or at the 3 carbon stage, os in thiamin deficiency. The 
therapeutic considerations, however, are obvious. Our clinical experience as to 
the effect of treatment of diabetic neuropathy with insulin as compared to the 
results with tiiiamin agree with the prediction of Meiklcjohn (106) in tliis regard. 

TrcalmcnI. The successful treatment of diabetic neuropathy requires first of 
all export diabetic management. Problems common to any group of nc^coted 
diabetics, to whatever circumstance tliis may be attributed, rvill be encountered. 
Lack of cooperation from the patient may preclude effective treatment although 
the majority of those who have previously regarded their disease lightly, or have 
even been definitely uncooperative, are so forcibly impressed with the results of 
their negligence when nouritic complications appear that they will adhere to any 
repmen pronnsing relief. There is no indication for unusual types of diets. 
Standard diabetic diets of average carbohydrate content have given us satis- 
factory results. All diabetics with neuropathy, with perhaps rare exceptions, 
should be given insulin at least for the duration of the active neuritie disease. 
Although well over half of our diabetics who developed neuropathy had only 
mild diabetes during the early' years of their disease, a greatly increased need for 
insulin accompanied the metabolic “decompensation” which appoara to be re- 
sponsible for the development of the neuropathy. We have seen many patients 
with this complication who, having taken only small amounts or no insulin 
previously, will require 80-100 units or more daily before satisfactory diabetic 
control will be established. Unlike the diabetic whoso ti'e-ctmont is begun soon 
after the disesise appears or whose treatment is resumed after a temporary lapse, 
this need for large amounts of insulin will persist for months if not permanently'. 
Early in the course of treatment a relative insulin sensitivity is common and 
hypoglycemia is easily produced. Because of the insulin sensitivity and the 
c.xtreme instability of the diabetic status, protamine zinc insnlin supplemented 
by at IcjKt 2 doses of regular insulin given before breakfast and supper daily is 
advi.sah)e. The practical suggestions of Butler (IG7) have been useful in adjust- 
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ing the dosage. Insulin reactions should he carefully avoided since the patient’s 
cooperation may be jeopardized and the risk of temporary or lasting neuritic 
exacerbation increased. The insulin dosage should be gradually increased as 
necessary over a period often of several weeks. Great care should be exercised 
to avoid relapse in control, especially as activity is resumed, since loss of control 
is apt to result in an acute aggravation of the neuritic disease. Diabetic control 
should not be considered satisfactory until an adequate diet has been provided, 
no more than traces of glucose appear in any urine specimen, the fasting blood 
sugar averages 80-100 mg. per hundred cc., and the patient is free of insnlin 
reactions. The diabetic regimen may be simphfied later when the neuritic mani- 
festations have subsided. We have seen no benefit from the addition of vitamin 
supplements unless there are clinical indications apart from the neuritic disease 
for such medication. 

The peripheral nerve disease due to diabetes is in many cases an exceedingly 
painful affliction, and its persistence over a period of weeks or months is dis- 
turbing to the most stoic personality. Symptomatic treatment is a major prob- 
lem in these cases. Salicylates, support of the bed clothes with a cradle, warm 
bakes, cool baths, ice packs, etc., are helpful measures at different times but 
often fail to provide tolerable comfort. Opiates are then required and should 
not be denied even though addiction is a possible danger. When severe pain 
refractory to symptomatic treatment is well localized or even restricted to the 
territory of a single peripheral nerve, local anesthesia, nerve crush, or nerve 
section might be considered, but our limited experience in this regard has not 
been encouraging. Sore and tender muscles which ache and cramp at night are 
made worse by exercise and activity, and are an indication for complete bed 
rest. During rehabilitation activity productive of muscle tenderness should be 
prohibited. 

The prognosis in diabetic neuropathy, as has often been noted (9, 11, 25, 35, 37, 
56, 157, and others) is good, especially in the younger age groups and in those 
free of comphcations such as perforating ulcers, neurotropic joint destruction, 
etc., provided that treatment is begun reasonably early before permanent nerve 
damage has occurred and that satisfactory diabetic control can be maintained 
over an adequate length of time. The time required for recovery varies accord- 
ing to the severity of the neuritic disease. In mild cases a few weeks will be 
required, in moderately severe cases 6-12 months, and in severe cases 1-2 years. 
Residual neurologic signs vdll often persist indefinitely. 

GENERAL CONSIDERATIONS 

Diabetes mellitus is one of the medical diseases in which neurologic complica- 
tions are not infrequent. For over 50 years it has been knovTi that a type of 
peripheral nerve disease is prone to result in some obscure way from the abnormal 
metabolism of diabetes. This tendency is evident from the fact that during 
periods of diabetic non-regulation, dehydration and acidosis, an acute disturb- 
ance of nerve function commonly occurs which promptly subsides mth diabetic 
treatment. The term diabetic neuropathy refers to the more permanent signs 
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and symptoms of peripheral nerve disorder which persist for weeks or months 
in spite of the resumption of good diabetic control and which, almost without 
exception, appear to develop only after months or j'ears of grossly neglected or 
mismanaged diabetic treatment. All degrees of neuritic disease, from the mild- 
est to the most severe, painful, paralyzing types, may result from diabetes. The 
facile cure of this complication by the administration of vitamin products, as in 
the comparable neuropathy due to chronic alcoholism (108, 169), is not a clinical 
reality. The unusual tendency of diabetic neuropathy to involve the autonomic 
nerves results in such extraordinarily diverse clinical manifestations of the 
neuritic disease as neuropathic (Charcot) joints (170), grossly disturbed gastro- 
intestinal and genito-urinary function, abnormal orthostatic blood pressure regu- 
lation, etc. 

The significance of neuropathy in diabetic patients exceeds merely that of a 
complication occasionally necessaiy to recognize and treat. Since one of the 
major aims in diabetic treatment is the avoidance of complications, both imme- 
diate and remote, their early recognition is an important matter for anyone who 
treats this disease. Acidosis and coma are well recognized and comparatively 
easily treated acute diabetic hazards. Occlusive arterial disease, diabetic cata- 
racts, and advanced stages of diabetic retinopathy are late complications repre-. 
senting irreversible organic changes, which diabetic treatment will not alleviate 
and for which other treatment offers but poor compensation. Neuropathy, 
along -with early stages of retinopathy and hepatomegaly, should be emphasized 
as reversible diabetic complications always a warning to both physician and 
patient of inadequately controlled diabetes which in the course of time, if un- 
corrected, will lead to widespread and permanent degenerative changes. At 
least 50 per cent of all diabetics rvill survive with little or no treatment for many 
years. In them the ultimate development of degenerative complications is the 
only criterion by wluoh the adequacy of their treatment can be judged. The 
proposed minimum standards of diabetic control (19) may protect most patients 
from neuritic complications, but the margin of safety appears to he very slight. 
Outright failure ivill result from this type .of treatment once neuropathy has 
developed. 

The importance of peripheral ner\’e disease ns a predisposing factor in the 
development of infections about the feet, so incapacitating to diabetic patients, 
is a subject deserving of further study. McKittrick and Root (52) found in 
more than a third of their patients with diabetic gangrene that the infection could 
not be attributed to primarily vascular factore, and that strilring degrees of 
hypesthesin were often present especially in those who had so-called perforating 
ulcers. Wilder (150), also, expressed the opinion that indolent infections about 
the feet in diabetics may be dependent on the presence of peripheral neuritis. 
We have seen many patients with periplicral diabetic neuropathy wiio develop 
serious foot infections that with conseivativo treatment heal and remain well. 
Four of our patients with severe neuropathy developed necrotic cutaneous lesions 
about the legs, so-called necrobiosis lipoidica diabeticorum (171), and in others 
vesicles that tended to become infected occurred in areas of sensory impairment. 
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Anesthetic extremities may weU be injured oftener than usual. Peripheral sym- 
pathetic nerve degeneration may result in an increased cutaneous ’imlnerabili'ty, 
and impaii the mechanisms by which mfections in the tissues once introduced 
are locahzed. 
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I. INTRODUCTION 

Interest in the effects of oxj'gen lack has lately become mdespread because 
of war-time high altitude fliing. Armstrong (15) and others have called atten- 
tion to the ocourrenco of a progressive gradual decrease in the “ceiling,” i.e. 
tolerance for altitude, of aviation personnel, and in the past considerable at- 
tention has been focussed upon the possibility that this reduction in altitude 
tolerance, as well ns the phenomenon of “pilot fatigue,” might be otiologioally 
related to progressive damage to the cerebral neurons incident to repeated anoxic 
episodes. However, the experiences of flight surgeons in squadrons operating 
in combat areas indicate that the causes of “pilot fatigue” are to be sought 
rather in psychoneurotic disturbances unassociated with o.xygcn deficiency. 
With efficient methods of oxj-gen administration, the alveolar oxygen tension 
can be maintained at approximately sea-level values up to .about 35,000 feet. 
But in flights above 40,000 feet, air crews become seriously anoxic even though 
they breathe 100 per cent oxygen. Pending the generalized adoption of pressur- 

'Thc opinions or assertions contained herein arc tlio private onaa of the authors and are 
not to be construed as official or as reflecting tho viene of the Navy Department or the 
naval Bcrvico at large. 
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ized compartments, anoxia is thus stiU a factor in stratosphere fljdng and a 
consideration of its possible ill effects upon the nenmus sytem is, thei'efore, of 
practical importance, ’ 

That anoxia alone can cause changes in the nei’ve cells of the cerebrospinal 
axis is a behef widelj^ entertained. Review of the experimental and clinical 
work on changes in the central nervous sj^stem induced by high altitude anoxia 
indicates that the lesions described are similar to those follo^ving asphyxia, 
ischemia (or anemia), carbon monoxide poisoning, anesthesia, inanition, vit'amin 
deficiency and hypoglycemia. Clinically, a similar picture is also seen after 
death from pneumonia, pertussis, eclampsia, and narcotic poisoning. It is 
apparent that these conditions all present certain common features. Thej'’ 
involve a deficiency, either of material metabolized by the nervous tissue, or 
of substances without which the metabolic processes cannot be carried out. 
In some instances a third stage occurs in which waste metabolites cannot be 
removed. We believe that analysis of the similar histopathology in these various 
conditions may seiwe to elucidate a common etiological background and thus 
establish a firmer basis for therapy, as well as a deeper understanding of the 
interrelations between the phj^siology and pathology of the brain and spinal 
cord. 


ir. ANOXIA 

1, Effects of breathing mixtures low in oxygen at sea-level barometric pressure 

In 1918, Martin, Loevenhart and Bunting (186) described the morphological 
. changes in the tissues of rabbits exposed to low oxygen tensions. Ten animals 
breathed mixtures low in oxygen averaging 7.98 per cent for four to ten days. 
Macroscopically there was no evident abnormality in the brain or spinal cord. 
No further description of the central nervous system was reported, although 
hyperplastic changes were seen in the bone marrow and th 3 rroid gland, and 
degenerative changes leading to necrosis were observed in the heart and glandular 
organs. These changes were most marked in parts of the organ most distant 
from its blood supply, e.g., the central zone of the liver lobule and the inner part 
of the heart wall. Comparable changes were found in 1928 by Rosin (223) 
in guinea pigs. 

Campbell (41, 42) observed that animals subjected to mixtures low in oxygen 
showed minor lesions of the central nervous s 3 ’’stem strildnglj' similar to those 
observed in rabbits, guinea pigs, rats and mice exposed to carbon monoxidd 
for periods ranging from 15-54 days. These changes consisted of congestion 
of the brain and some evidence of chromatolysis of the ganglion cells. In a 
detailed studj’’ of hypoxemic changes in the central nervous system reported in 
1938, Rotter (224) subjected three guinea pigs, in a closed vessel, to a stream of 
oxygen-nitrogen mixture rmtil the animals died 174, 189 and 235 hours after 
the heginning of the experiment. Each day the animals were returned to normal 
air and fed. During the first 48 hours of the experiment the oxygen tension 
was gradually lowered to six to seven percent and subsequently never rose 
above 7.4 per cent (equivalent to an altitude of 8000 meters) until the end of 
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ttie experiment. Three additional animals were subjected to these same con- 
ditions for 80 and 100 hours after adaptation, and then sacrificed by decapitation. 
jNissl preparations of the central nervous system of the animals which died 
spontaneously showed ganglion cell changes in the medulla characteristic of 
Nissl’s “Schwere Ganglienzellerkrankung." There was clumping of chromatin 
around the nucleoli which were darkly stained, and in some cells the entire nucleus 
was markedly hyperchromatic. These changes were regarded as irreversible, 
and the lesions were found to be most widespread in the basal ganglia, as well 
as in the nuclear groups situated in the floor of the fourth ventricle. The Purk- 
inje cells of the cerebellar cortex were seen to be markedly degenerated, but the 
cerebral cortex was normal except for small foci of ganglion cell degeneration 
in areas adjacent to the median longitudinal fissure. Control animals killed 
80 to 100 hours after the beginning of exposure showed no ganglion cell change. 
Rotter stated that the neuro-patUologieal changes produced in these experiments 
were more widespread than those reported in animals subjected to decompression 
by Buchner and Lutt (36, 36). In contrast to these findings, Van Bogaert, 
Dallemagne and Wdgria (274) could find no histological abnormality in the brain, 
cord or peripheral nen'es of monkeys subjected to anoxemia by nitrogen replace- 
ment of the oxj’gen in the air. In two animals some demyelinization was ap- 
parent but was assumed to have been present before the experiment. 

In a comparison of the anatomical changes produced by anoxic and insulin 
shook, Tannenberg (204) subjected 38 rabbits to low oxj’gen-high nitrogen mix- 
tures for repeated short periods lasting from 15 to 60 minutes. From 1 to 51 
of these episodes of anoxic shook were induced in the various animals within 
1 to 00 days. Twenty-nine other rabbits were given repeated insulin injections 
in amounts sufficient to induce convulsions and coma. The neuropathological 
picture in these two groups of animals was found to be much the same. There 
was slight to severe degeneration of the ner\'e cells together with reactive glial 
proliferation. Tannenberg believes that the severity of the morphological 
changes is related to the frequency of the anoxic shocks and the severity of the 
clinical response to the administration of insulin. The' pathological changes 
noted were particularly impressive in the large pyramidal cells and were also 
seen in the Purkinjo cells of the cerebellar cortex as welt as in the hippocampus, 
medulla and spinal cord. The lesions did not appear to be localized in any 
specific nuclei, but in some areas there was evidence of profound phj'siolo^cal 
reaction, and almost all the nerve cells in several circumscribed areas of cerebral 
cortex or hippocampus were destroyed. These foci were attibuted to adverse 
vascular reactions during the seizures. Tannenberg based the pathogenesis 
of the lesions in insulin shock on deprivation of the carbohydrate which is the 
nerve cell’s foremost nutritional material (Himwich, Bowman, IVortis and 
Fazekas, 120). In anoxic shock the lesions were ascribed to lack of oxygen which 
is indispensable for the utilization of the substrate. The .same nerve cells are 
aflcctcd in cither insulin or anoxic shock, but there are some differences in the 
morphological appciimnccs of the cells in tire two conditions. In insulm shock, 
the colls are faded and show up as bleached areas in stained preparations, whereas 



. 164 


E. C. HOFF, E. G. GKENELL AITO 3. F. FULTON 


after anoxia the ganglion cells are shrunken and darkly stained as if calcified. 
It is noteworthy that changes following abrupt arrest of the circulation (during 
which the cells are deprived of both oxygen and carbohydrate), include faded 
“ghost” as well as darkly-stained, shrunken, pyknotic cell-bodies. 

Yant, Chomyak, Schrenk, Patty and Sayers (293), in a detailed study of 
the effects of asphyxia on dogs, found severe hyperemia in the brain as a whole 
after comparatively rapid asph 3 rxia by exposure to sea-level atmospheres de- 
ficient in oxj'^gen. The hyperemic capillaries had the same appearance as in 
an artificially injected preparation and both the meningeal and cerebral vessels 
were greatly dilated and tightly packed with red blood cells. Stasis was marked 
throughout and numerous petechial hemorrhages were seen, especially in the 
brain stem. There was a remarkable difference in the degree of injury to the 
nerve cells in Various regions of the same brain. A striking feature was the 
severe damage in the neurons of the outer granular layer of the dog’s cortex, 
especially in areas showing good cell and fiber lamination. There was complete 
lysis of the Nissl granules in these cells. Their nuclei were distorted and faintly 
stained. In some instances a pole or fragmented nucleus was all that was left 
of the original cell body. The neurons in the deeper cortical layers showed 
definite^’' less damage. Edema was slight and usually seen perineuronally in 
the most markedly damaged areas. Some of the neurons in the cortex, especially 
the small pjwamidal cells, were shrunken and diffusely stained. In the thalamus 
the degenerative changes were more severe than in the corpus striatum, while 
the large polygonal cells in the reticular formation, the nuclei of the hypo- 
glossal, abducens, trochlear, and oculomotor nerves, and the nucleus ruber as 
well as the motor neurons of the spinal cord showed relatively little change. 

In rats exposed to similar conditions of oxygen deficiency certain differences 
in the brain reactions were fovmd as compared with those of dogs. The non- 
olfactory cortex, with the exception of the large polygonal-shaped cells, showed 
practically no damage. In the large cells, there was marked central chroma- 
tolysis, even to the extent of complete lysis and destruction of some of the cell 
bodies in rats ‘asph 3 rxiated’ for one horn. and twelve minutes. The olfactory 
cortex, both the bulb and the hippocampus, exhibited pathological changes, 
especially in the large cells in the stratmn lucidiun. The large polygonal- 
shaped cells, such as those in the somatic efferent nuclei and nucleus ruber, and 
the motor anterior horn cells of the spinal cord, displayed relatively marked 
damage. In the dog, cells of these same groups showed the least damage. Thus 
in the rat the cells of the cortex, especiallj'- those in the outer granular layer, - 
the thalamus, the sensory and correlation centers throughout the brain stem and 
the visceral efferent nuclei, were the most sensitive; while the nucleus ruber, the 
nuclei of the oculomotor, trochlear, abducens, and facial nerve, the large polygonal 
shaped cells in the reticular formation and the motor neurons of the anterior 
horn of the spinal cord were the least susceptible in the dog. Motor cells, least 
susceptible in the dog, appear to be much more sensitive to oxi'gen deprivation 
in the rat. Two tj’pes of nerve cell changes could be differentiated: some 
neurons became shrunken and stained diffusely; others showed varjdng degrees 
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oi cbromatolysis. The definite and remarkable differences noted by Yant 
ct al in the susceptibility of nerve cells in various regions of the same brain and 
in the same type of cells in different species are especially noteworthy, and it 
is of interest that essentially the same findings have been reported after ischemia 
and complete anemia of the brain (ICabat and Grenell, 146, Grenell, 97, 98). 

In 1940, Thomer and Lewy (268) immersed guinea pigs and cats in a stream 
of pure nitrogen. In one group, animals were rendered anoxic for various periods 
of time and then decapitated one-half hour after removal from the chamber. 
After 15 seconds exposure there were no demonstrable microscopic changes 
apart from a few miliary hemorrhages over the cerebral hemispheres. In the 
brain of an animal exposed for 30 seconds, the nerve cells showed reduced affinity 
for the stain and the glia cells were pyknotic. There was no visible decrease 
in the number of neurons. With 60 seconds exposure, fresh perivascular hem- 
orrhages were observed and some nerve cells were seen to be permanently dam- 
aged, especially some large cells in the deeper layers of the cerebral cortex. 
These cells were swollen and the cytoplasm poorly stained or completely color- 
less. Sublcthal periods of oxygen deprivation were thus seen to produce changes 
in cortical cells, many of winch were irreversibly damaged. In one guinea pig 
and one oat sacrificed directly after e.xposure to the nitrogen atmosphere, there 
were only vague nerve cell changes, and the cortical architecture was essentially 
normal as wore the hippocampus, the Purkinje cells, the ependyma and the 
blood vessels. Apparently, therefore, a survival period is necessary for the 
changes caused by pure anoxia to become histologically apparent. 

One guinea pig was sacrificed in the nitrogen chamber after nine previous 
exposures, and another after twelve periods of exposure. In these animals 
there were numerous subpial hemorrliages in the brain. The nerve cells of 
the deep cortical layers of the hippocampus and the subiculum were pale, with 
shrunken and pyknotic nuclei, and foamy cytoplasm. Foci of blanching were 
present in the cortex, probably in connection with fibrosis of small arteries. 
Some nerve cells had disappeared completely. In larger cerebral arteries the 
media was rich in fibroblasts and encrusted with granular material giving the 
reaction of calcium. 

In animals dying 8 to 48 hours after one or repeated immersions the cortex 
was profoundly damaged. The nuclei of the nerve cells were pyloiotic and 
retracted from the cytoplasm of which only the marginal zone stained with 
basic dyes. The cortex seemed almost devoid of ganglion cells. The granular 
layora showed marked neuronal injury and nerve colls in the hippocampus and 
the Purkinje cells presented a typical picture of advanced ischemic necrosis. 
In one animal, nerve colls of the basal ganglia and brain stem were also involved. 
Similar changes wore observed in anim.als decapitated after repeated anoxia. 
In one guinea pig the cellular degeneration in the cortex was laminar, while 
in the cat a patchy degeneration was observed. As far as could be shoivn in 
tliis limited number of animals, nerve cell damage appeared to increase with 
repeated anoxic periods up to a certain point beyond wlrich nerve cell loss did 
not progress further. 
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Summary. Save for the early work of Martin, Loevenhart, and Bunting 
(186) and the negative findings of Van Bogaert, Dallemagne and W6gria (274) 
on macaques, the open literature thus offers convincmg evidence of lesions 
of the nervous system resulting from oxygen deficiency alone. These patho- 
logical changes involve both ectodermal and mesodermal tissues of the central 
nervous system— ganghou cells, glial cells and blood vessel walls all being vul- 
nerable. Involvement of the ganglion cells includes all stages of cellular damage 
from minor degrees of chromatolysis and reduced affinity for stains to swelling 
and shrinkage of the cells with disorganization and diffuse staining of the cyto- 
plasm as well as distortion and fragmentation of the nuclei. In some instances 
of repeated exposure, ganglion cells may be completely destroyed. Glial changes 
are reported as mainly degenerative but some proliferation has been observed. 

Vascular disturbances in the form of hyperemia, subpial and perivascular 
hemorrhages are a prominent feature and probably the parenchymal changes 
observed are attributable not only to the direct effect of anoxemia but also are 
to be considered as secondary effects of disturbed blood supply. 

The neuronal lesions are widely distributed and although the hippocampus 
and the Purldnje cells of the cerebellum are particular sites of election, abnormal 
cells are also seen in the basal ganglia and brain stem and, less frequently, in 
the spinal cord. Lesions of the pyramidal cells have been noted although in 
Rotter’s experiments on guinea pigs, the cerebral cortex was entirely normal. 
There is no obvious relationship between the localization of the lesions and the 
severity or duration of anoxia. Sublethal single exposures to pure nitrogen for 
as brief periods as 30 to 60 seconds result in histologically demonstrable lesions 
provided sacrifice is delayed a half hour; repeated short exposures produce ad- 
vanced changes, particularly if death occurs spontaneously some hours after the 
final period of low oxygen. 

2. Reduced barometric pressures 

Paul Bert’s dictum, “I’autopsie ne montre gabre de r&ultats int^ressants,” 
(25) in reference to deaths due to decompression probably delayed detailed study 
of the pathological changes resulting from simulated high altitudes. In 1902, 
however, von Schrotter (241) reported upon histological studies on the central 
nervous system of guinea pigs and a pigeon decompressed to 200 to 300 mm. 
Hg. for vai’jdng periods. In a guinea pig kept at low pressure for 72 hours, 
Marchi preparations of the spinal cord showed no defimte changes although 
there w'ere scattei’ed areas of degeneration in the myocardium and fatty infiltra- 
tion in the kidney tubules and liver lobules, as well as a considerable number of 
nucleated red cells in the blood. Similar negative results were observed in 
guinea pigs decompressed for 15, 22 and 74 hours, but in an animal which survived 
five weeks after a period of reduced pressure lasting two days, fatty infiltration 
of capillary walls could be seen in the anterior columns at the thoracic level of 
the spinal cord as well as in scattered areas throughout the brain. In methjdene 
blue preparations it was not possible definitely to rule out pathological changes. 

Campbell (41) in 1927 compared the effects of low oxygen tensions at normal 
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and reduced barometric pressures in rabbits, rats, mice, cats, guinea pigs and 
a monkey. In general, no definite degenerative changes were detected in 
brain cells, although some showed less prominence of the Nissl granules. There 
was little or no deviation from noimal to be detected in nerve cells of the medullary 
respiratory center. Campbell concluded that decompression and breathing 
mbrtures low in oxygen resulted generally in congestion of organs and some 
fatty degeneration. 

In a series of carefully controlled studies in 1935-30, Biiohner and Luft (35, 
36) decompressed guinea pigs to pressures of 250 to 300 mm. Hg: Control animals 
were fasted for four days prior to sacrifice so that their nutritional status might 
be comparable to that of decompressed animals whose appetite was much reduced. 
The brains and cords were fixed in 96 per cent alcohol and stained by Nissl’s 
method vith toluidine blue. In one animal dying after exposure to 250 to 376 
mm. Hg. for 123 hours, of which 103 hours were below 300 mm. Hg., there was 
marked nuclear degeneration, vacuolation of the cytoplasm and loss of Nissl 
substance in ganglion cells in the floor of the fourth ventricle. Similar but less 
markedsymmetricalchangeswereobservedinthePurkinjecellsof the cerebellum 
Bs well as in scattered colls throughout the brain stem. No abnormality could 
be detected in the cells of the cerebral cortex. In animals decompressed for 
160, 173 and 178 hours, changes of the same type were demonstrable. In one 
of these animals there were varicosities along the dendrites of cells in the floor 
of the fourth ventricle, and some cells in the anterior horn of the spinal cord were 
observed to be abnormal. The control animals killed by intravenous injection 
of air after a four day fast showed no pathological changes in the nervous system. 
The authors noted that convulsions, ataxia and respiratory irregularity near the 
end of the experiment were associated with the postmortem finding of marked 
irrevei-sible damage, particularly in the motor cells in the floor of the fourth 
ventricle and the Purkinje cells of the cerebellum. They believed that changes 
become more pronormced from cranial to caudal poles of the brain, and called 
attention to the fact that these findings are in harmony with those of Haldi, 
Ward and Woo (104) on lactic acid concentrations in the brain after oxygen 
lack. The latter a>ithors reported an increase in brain lactic acid which was 
least in the cerebral cortex, moderate in the brain stem and cerebellum and 
greatest in the medulla. 

BUclmer and Luft explain the differences in susceptibility of the neurons in 
various parts of the central nerrmus system on the hypothesis that medullary 
centers, being active to the end, suffer greater change, while the cerebral cortex, 
which becomes inactive early, suffers less from lack. Subsequent investigators 
have shown, however, that the cells of the cerebral cortex arc much moreliable 
to severe damage as a result of decompression than the experiments of Buchner 
and Luft would indicate. 

Luft (176), in 1937, in a comparative study of the effects of hypoxemia on 
old and young guinea pigs, sought to determine whether the pathological changes 
previously reported were influenced by duration anti intensity of the decompres- 
sion, and whether their severity could be related to the ago and weight of the 
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experimental animals. Guinea pigs weie decompressed simultaneously in groups 
being left in the chamber until death supeiTened in 108 to 230 hours. During 
the first 48 hours the pressure was reduced gradually to 353 mm, Hg, since it 
was found that in many cases, animals survived a sudden decompression to 
300 mm. Hg. or less, for only a few houi’S. On the third day the pressure was 
again reduced and subsequently maintained at 250 to 300 mm. Hg. The nervous 
system was studied in Nissl preparations. In a group of five adult animals dying 
of exposure to a pressure of 286 mm. Hg., the large ganglion ceUs in the region of 
the pons and the cerebral peduncles showed fragmentation of the nucleolus into 
dark fragments lying against the nuclear membrane. The endoplasm was scarcely 
visible or showed only irregular clumping of the Nissl substance. In the floor of 
the fourth ventricle many large ganglion cells showed alterations in the nucleoli 
and marked disintegration of the Nissl substance into a fine, dust-like sediment. 
In some cells the Nissl substance appeared to have been entirely precipitated 
at one pole of the cell body. In some cases long, draw out cells with fragmented 
Nissl substance and swollen dendrites were seen in the mednUa oblongata. In 
these cells the nucleus was surrounded by a dark halo and was sometimes to 
be found at the periphery of the cell. The nucleoli in these nuclei were irregular 
in form. 

A second group of guinea pigs kept at 86 mm. Hg. died 15, 20 , 36 and 80 hours 
after having been removed from the chamber. Characteristic brain lesions 
consisted of disintegration of the Nissl substance into dustlike granules or a 
thread-like stroma, and occasional eccentricity of the nuclei. In the medulla, 
the large motor cells sometimes showed a high degree of thickening of chromaplul 
substance around the nuclei. 

In a third group, Luft decompressed young guinea pigs of three weeks average 
age. All- the animals died under decompression, in convulsions. In certain 
areas of the pons cells were seen with marked changes. The changes in these 
cells as well as in some cells of the medulla and midbrain were essentially those 
of fragmentation of the tigroid substance, pyknosis of the nuclei and sateliitosis. 
In some cells the nuclei were absent, while in certain medium-sized cells of the 
caudal portion of the basal ganglia, the nuclei appeared swollen and indefinite 
in outline. The nucleoli were fragmented, -and the cytoplasm contained a few 
poorly stained, dust-like granules. 

In nearly all animals the most severe brain changes were found in the floor 
of the fourth ventricle. In general, the damaged cells presented a picture of 
Nissl’s ischemic atrophy and the “homogenizing” changes of Spielmeyer. It 
is of interest that Wustmann and Halleiworden (292) found similar ceU changes 
in patients dying several hours after Trendelenburg’s operation for acute pul- 
monary embolism. In these cases, however, the pathological disturbances were 
most pronounced in the cerebral cortex, cerebellum and basal ganglia. 

In young animals the changes in the central nen'-ous system observed by Lu t 
were more advanced than in older animals, although in the younger group 
there was no evidence of the myocardial lesions commonly fotmd in the adults 
and believed by Luft to be the main cause of death in the older animals. There 
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•was DO relation between the intensity and duration of the decompression and 
the severity of the lesions. Luffs observation of more profound injury to the 
neurons in young guinea pigs is difficult to reconcile noth the findings of Kabat 
and Dennis (U5) , Kabat (142) and others of a greater resistance of young animals 
to arrest of the ceplialic circulation. 

In further decompression experiments on guinea pigs in 1937“38j Luft (177) 
called attention to severe degenerative phenomena in the Purkinje cells and 
cells of the basal ganglia. In these areas, degenerated cells were seen to lie 
closely adjacent to neurons of completely ■normal appearance, A similar picture 
has been observed in dogs after arrest of the circulation of the brain by Kabat 
and Grenoll (146), who urge this in favor of the possibility of the occurrence of 
localized metabolic changes ■within the brain. 

In 1939, Dellaporta (60) described experiments in which he subjected young 
male guinea pigs (weight 300 to 400 grams ) to continuous decompression for 
moderately long periods and subsequently investigated the changes in the 
central nervous system stained byNissl’s method with toluidine blue. In his 
firat series, he took the animals gradually to 250 mm. Hg. and kept them at that 
pressure for 11 to 61 hours. These animals showed marked loss of weight during 
the dcooroptession and in many of them the weight loss continued after re- 
compression, and death occurred spontaneously 37J to 81 hours after the end 
of the chamber nms. Weight loss at death was, on the average, 36 per cent 
of the initial body weight. In the liver there was central necrosis of the lobules 
and the central nervous system showed marked degenerative changes in ■&© 
ganglion cells (comparable with Nissl’s "schwere Ganglionzellerkranlcung”). 
These changes occurred cliiefiy in the medulla, the Purkinje cells of the cerebellum 
the basal ganglia, the diencepbalon and in the region of the central sulcus of 
the cortex as well ns in the hippocampus and the fascia dentata. Only those 
animals showed pathological nervous changes which continued to lose ■wieght 
after recompression. Within the limits of tlie time of exposure used in these 
experiments, there was no relation between the severity of the nerve coll change.s 
or the mortality of the animals and the duration of decompression. 

In a second group, Dellaporta subjected animals to decompression at 260 mm, 
Hg. for periods ranging from 33 to 104 hours, sacrificing them immediately 
after rccorapression. Ho changes in the central nerrmus system were found 
in any of these subjects. 11 Urns appears that animals surviving an initial de- 
compression — even a long one — do not show histologically dcmonslrahlc lesions in 
the central nervous system if killed at once, although irreversible functional changes 
have occurred in the cells to such an extent that most of these animals would have 
been doomed to die uiithin SO to SO hours with occentiialed neuronal lesions. This ob- 
sciv'ation is in koepmg mth the results of most workers who find histopathologi cal 
lesions in dm brain and cord only in animals that die spontaneously or arc sacrificed 
after a defmile interval following sulifcclion to hypoxia or anemia. To bo sure, 
ns Dellaporta and others have pointed out, animals that succumb during de- 
compression show iiToversiblo changes in the ganglion colls. 

Under conditions of decompression such as those prevailing in Dollaporta’s 
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experiments, animals lose weight. This weight loss is attributable to several 
causes,^ such as increased fluid loss from body surfaces and the marked anorexia 
which is characteristic of these animals. It becomes very interesting to know 
to what extent this starvation factor may operate along Avith anoxia in the 
genesis of cerebral damage. Evidence in the literature of the effect of starvation 
alone on the nenmus system is somewhat conflicting; however, Dellaporta found 
that animals stan’^ed to death at normal barometric pressures all showed pro- 
found degenerative neiwous changes. The animals survived for periods from 
147 to 194 hours, sustaining an average weight loss of^44 per cent. In two of 
these starved animals, five cc. of saline were given intraperitoneally each day 
but this had no effect either upon survival time or the appearance of the nenmus 
lesions. The brain changes were qualitatively and topographically similar to 
those observed in the hypoxic group. Quantitatively, there was less marked 
degeneration in the hippocampus and the fascia dentata. 

That nutritional deficiency diseases may produce pathological changes of 
the peripheral and central nervous systems is well Imoivn. Various clinical 
and experimental cases of inanition and more especially of vitamin deficiency 
have shown marked histologic changes in the nervous system. For example, 
lesions ascribed to inanition have been reported by Tarassendtsch (265), Agostini 
and Rossi (4), Meyers (196), Hassin (110), Urechiaand Mihalescu (273), Jacicson 
(136), Garofeanu and Ornstein (82), Andrew (11, 12), Ferraro and Roizin (76) 
and others. 

In human material, Hassin described excess of lipoid gi-anules in the neive 
cells, glia cells, the adventitial spaces of the blood vessels, the pia-arachnoid 
and the choroid plexus while the experimental data presented in Jackson’s 
monograph point to the existence of diffuse degenerative nerve cell changes 
which vary in intensity from animal to animal. Generally, acute swelling and 
chromatolj'sis have been reported. Shrinkage of nerve cells has also been 
described, as well as varicose atrophy of the dendrites and hypertrophy and 
condensation of the nem'ofibrils, Urechia and Mihalescu reported pathologic 
degenerative changes in the nersm cells of the tuber cinereum in starved dogs, 
extending to the paraventricular, supra-optic, mammillo-infundibular, pallido- 
infimdibular and interfoi-nicate nuclei. Changes in microglia and oligodendroglia 
have also been noted. 

Ferraro and Roizin (76) found a diversified reaction of the blood vessels, 
consisting predominantly of h 3 ’pertrophy, hj’-perplasia and proliferation. They 
described localized lesions in many areas of the cerebral gray matter and found 
that certain regions were more severely damaged by the same amount of inam- 
tion than others. In their experiments, neuropathologic changes in the brain 
affected mainly the nerve cells, which appeared diffusely degenerated. The 
type of degenerative change most frequently’ encovmtered was one of diffuse chro- 
matolysis noth more or less pronormced pyknosis of the nucleus. However, 
nerve cells undergoing shrinkage, ischemic change, or severe type of degeneration 
of Nissl were also quite frequent. Zimmerman is of the opinion that the lesions 
described by Ferraro and Roizin are predominantly due to a deficiency of ritamin 
Bx. 
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It is quite possible, therefore, that in subjects exposed to prolonged or repeated 
periods of decompression, nutritional defects resulting from anorexia md other 
causes associated \vith flight, may be significant factors in dctei mining the 
degree of damage sustained by the nervous sj'stom under conditions of low 
oxygen. One is prompted to ask whether decompression alone, apart from mal- 
nutrition, ivill lead to irreversible changes in the neurons, or, putting the question 
another way, whether by artificially maintaining something like normal nutri- 
tional intake, it would be possible to avert the havoc played in the brain by 
decompression. In an attempt to solve this problem Dellaporta gave guinea 
pigs forced feeds of buttermilk and glucose during the periods of decompression. 
These animals sustained weight losses averaging about 17 per cent and in the 
animals which were e.xamiued after death, there were no changes in the brain 
or cord. Dellaporta admitted, however, that the difficulties of feeding, the 
fact that the individual feeds were too large and other factors diminished the 
animals’ resistance to the experimental conditions and they therefore did not 
survive as long as the first group. Consequently, the negative findings are of 
limited significance. 

Dellaporta has suggested that the loss of appetite in dceompression might 
arise as a result of liver damage or might possibly be duo to the central nervous 
disturbance. The hepatic necrosis he assumed to bo n primary anoxic phenom- 
enon. It seems that evidence such as that given by Dellaporta is, in part, the 
basis for the importance which the Germans attach to large and varied diet for 
aircrews, especially those who cany out long and repeated operational activ- 
ities at very liigh altitudes. It is recognized, of course, that adequate diet is 
essential in maintaining several specific aspects of fljdng efficiency; that it may 
play a deciding r61e in mitigating damaging effects on the nervous system appears 
to be a now thought. One would like to see further comparisons of the histo- 
logical picture in the central nervous sj-stem of animals decompressed with and 
without special attention to maintenance of body weight and nutrition. As 
noted below some notice has been given to this problem in the .Tapanese literature, 
but apparently no adequate reports exist. 

The literature and described lesions in vitamin B group deficiencies have 
been reviewed by Wolbach and Bessey (289), Hstl Ying-K’uei (133), and Zim- 
merman (200) . The majority of obseivcts have reported degeneration of periph- 
eral nerves, myelin degeneration in the cord, bilaterally symmetrical minute 
hemorrhagic lesions in the pons, medulla and cerebellum, and hemorrhages 
into the nuclei around the ventricles. The sequences described are Vascular 
hyperemia, perivascular edema, and, finally, hemorrhage. IIsQ noted disrup- 
tion of the cytoarchitectonics of the cerebral cortex, with chromatolysis, 
.shrinkage, Ischemia and severe disintegration of ganglion eells of the brain. Zim- 
merman (290) observed vascular changes, demyelinization, hemorrhage, etc., 
and pointed out the differences between chronic and acute deficiencies, as well 
ns between deficiencies of various portions of the B complex, lie believes that 
pcnphoral nerve injurj' constitutes a major fe.aturo of the patfiological picture in 
vitamm B deficiency. 
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From a practical point of view, the weight of flying personnel ought to he carefully 
vjatehed. If the conclusions drawn from the animal experiments (of Dellaporia 
and others) can he directed to hmnan problems, one must he alert to the possibility 
that a loss of weight in an aviator may be coexistent with lowered resistance of the 
nervous system to high altitude and that continuous flying under such circumstances 
may produce cumulative pathological lesions in the brain, which may eventually 
exceed its factor of safety and give rise to serious disability. 

Obviously, the problem of the etiology of ueiTous lesions resulting from decom- 
pression is a complicated one. It is clear, however, that in addition to primary 
oxygen lack there are secondary factors. Various nutritional disturbances may 
be involved, as Dellaporta’s work and other investigations seem to show. That 
toxic products accumulating as a result of disturbed metabolism may also be 
important is suggested by the severity of the brain lesions found after complete 
vascular stasis produced by circulatory arrest. 

Following DeUaporta’s work, Merk (192) in a comprehensive experimental 
study of the pathological effects of decompression on the central nervous system, 
attempted to answer the question whether hypoxia without weight loss would 
be followed by ganglion cell lesions. He subjected guinea pigs to daily periods of 
low pressure, and examined the brain stained by NissTs method. In a first 
series guinea pigs were subjected for one to two hours daily to atmospheric pres- 
sure of 198 mm. Hg., until death occurred spontaneously after several days. 
In one of these animals which succumbed on the fifth day by gradual respiratory 
failure, there was homogenization of the cytoplasm with hyperchromatic Nissl 
substance in the medulla. The nuclei and nucleoli were generally normal, 
but the cellular processes were deeply stained. In some medrrllaiy cells there 
was destruction and fragmentation of the Nissl substance with shrinldng of 
the nucleus. Marked pyknosis of the nucleus was seen in cells of the habenular 
nucleus, and changes were also observed in the Purldnje cells of the cerebellum. 
In the diencephalon, cellular changes similar to those in the medulla and cere- 
bellum were seen. No abnormalities of nerve cells could be demonstrated 
in the hippocampus or the cerebral cortex. Other anrmals in the series showed 
similar changes, although hr some instances the Purkhrje cells were not in- 
volved, nor w^ere changes seen in the cells of the dienceplralon. All the animals 
in this series of experiments show ganglion cell changes. However, they are 
less widespread than those reported previously by Biichner and Luft. These 
animals not only maintained their initial weight, but even became heavier during 
the course of the experiment. Merk concluded, therefore, that decompression 
alone apart from weight loss, can cause ganglion cell changes. 

In a second series of experiments, two animals were given repeated periods 
of decompression on successive day^s, lasting from 60 to 190 minutes in the 
first case, and 10 to ISO minutes in the second. On the ninth day, the first 
' animal was kiUed by further lowering of the barometric pressure to an equivalent 
altitude of 12,000 meters. No histopathological lesions could be demonstrated. 
The second animal, similarly killed on the sixteenth day showed some changes 
in the medulla and habenular nucleus, but was otherwise normal. 
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Three gvutiea pigs subjected to single tuns in the decompression chnmber at 
an equivalent altitude of 12,000 meters untU death, supported this environment 
for 110, 70 and 40 minutes respectively. In no case was any change found in 
the nerve cells. This suggested that single exposures to the point of death do 
not result in histologically demonstrable lesions and would also indicate that 
the pathologiciil changes resulting in the brain from repeated decompressions 
are not due to the last and fatal run alone, but to the summed effects of all the 
runs. 

Since these relatively short single decompressions did not produce lesions, 
Metk repeated the experiment with longer periods of exposure. An animal 
subjected to‘ an equivalent altitude of 10,000 meters for eight hours, followed 
by two hours at 12,000 meters, showed changes in the Nissl substance as well 
as swelling of the nuclei iu the medulla around the hypoglossal nuclei, with 
pyknotio nuclei and dust-like Nissl substance in the Purldnje cells and in cells 
of the basal ganglia as well as marked nuclear changes in the habenular nuclei. 
A single exposure at 12,000 meters equivalent altitude was insufficient to produce 
the cerebral lesions although the animal’s respiration was shallow and irregular 
during the entire period. , 

In animals which survived repeated exposures to ceiling pressures over several 
days, no nerve ceil abnormalities were demonstrable. Merk concluded that 
in single exposures to low pressure there are no irreversible cell changes, provided 
that the animal survives. In nearly all animals dying rapidly, no ganglion coll 
changes were visible, whereas marked cerebral changes could be seen in animals 
which succumbed slowly. A definite period of time must elapse before the cell 
changes become histologically apparent. 

Ambo and Nakaniura (8, 9) decompressed rabbits, investigated tbe associated 
effects of various food factors, and studied the resultant cerebral damage. 
Animals decompressed continuously to 2C0 to 310 mm. Ilg. until death five 
or six days later showed hemorrhages in the central nervous system with en- 
largement of the Virohow-Kobin spaces and swelling of the nerve cells, rvith 
eccentric or pyknotic nuclei and chromatolysis. These changes were most 
intense in the teetul nuclei with slight changes in the basal ganglia, hippociimpus 
and cortex. Some of the Purkin je cells of the cerebellum completely disappeared. 
It is noteworthy that enlarged Virchow-Robin spaces as well as disappearance 
of Purkinje cells ate frequently found following cerebral anemia. 

Anim.als similarly decompressed after subcutaneous or intraperitoneal in- 
jection of 40 or GO cc. of physiological salme solution, suffered a less marked 
loss in body weight and survived longer. Changes in the central nervous system 
were qualitatively comparable to those previously observ'cd, but were much 
loM severe. No instances of cell death were observed. In animals provided 
mtli addrf oxygon during decompression there were no ischemic changes in 
the ganglion cells, no hemorrhage, and only slight changes in the ganglion cells 
m the floor of the fourth ventricle. Administration of colchicine or gliitatluono 
pnor to decompression had little or no effect on resulting neuronal lesions. 

In the spinal cord, hemorrhage and dcmyelinization have been obson-ed by 
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YoMa (294) in rabbits decompressed to 260 to 310 mm. Eg. for four to six days 
These changes which have not been commonly noted in the literature after 
anoxia, have, as previously stated, been observed in cases of inanition and 
vitamin deficiency. 

Altmann and Schnbothe (7) studied physiolo^cal and pathological effects 
of anoxia on the nervous system of cats subjected to decompression, in some 
instances to the point of cessation of respiration. They described all types of 
nerve cell degeneration of Nissl (with and vdthout accompanying lesions of 
glia) which they felt it was possible to correlate ^vith the rate at which the lesions 
were apparently produced. The white matter was almost never affected, but 
the gray matter showed elective localization of lesions whose gradient of intensity 
was markedly similar to that described by Yant et al (293) as well as by others 
after occlusion of the cephalic circulation. (In order of decreasing intensity 
the areas injured were: cerebellum, cerebral cortex, caudate nucleus — ^not globus 
pallidus — , lateral geniculate body, nuclei of sensory cerebral nerves, and posterior 
columns of the spinal cord). In all injured areas only certain types of cells 
and these in only certain layers showed most marked damage. The authors 
concluded that there is present a special sensitivity to anoxia which may be 
locally intensified by vascular disturbances. It is of great interest that they 
also find similar cerebral pathology after other conditions such as obstruction 
of the respiratory passages, carbon monoxide poisoning, narcotic poisoning, 
ligation of the carotid and vertebral arteries, cyanide poisoning and hanging, 

Summary, In a brief summary of the effects of decompression upon the 
central nervous system, it may be concluded that the ganglion cell changes - 
correspond closely to those encountered in animals exposed to low oxj’-gen 
mixtures at sea-level barometric pressure. The Nissl substance is character- 
istically fragmented or broken up into fine dust-lffce particles; the cytoplasm 
may be vacuolated or homogeneously stained ; there may be swelling or shrinkage 
of cells. The nuclei may be displaced, irregular in shape, shrunken or darkly 
staining and amorphous. Varicosities of the dendrites are sometimes char- 
acteristic. According to the literature, which is mainly from German sources, 
the cerebral cortex is usually spared although cortical lesions have been described 
by Gellaporta and by Ambo and Nakamura (8, 9). The medulla and cerebellar 
cortex are particular sites of election but damaged nerve cells are found scattered 
throughout the bi'ain stem. In general, there are no changes in the spinal cord. 

Animals subjected to single lethal exposures to a simulated altitude of 12,000 
meters for 40 to 110 minutes do not show neuropathological changes, nor are 
lesions present in the brains of animals sacrificed after repeated short, daily, 
sub-lethal decompressions to this altitude. Exposure to single perio^ of 
decompression to 250 mm. Eg. for 33 to 104 hours does not result in histologically 
demonstrable lesions if animals are sacrificed unmediately after the expeiimenb 
although such animals usually die spontaneously some daj^s later with marked 
changes in the brain. In general, pathological changes are most pronounced an 
widespread in animals succumbing to repeated decompression or dying some 
days after single exposures to low pressure. 
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m. ASPHYXIA 

1. Asphyxia neonaiorum 

Ford (78) reviewed the literature relative to asphyxia of the newborn, and 
concluded that trauma is more important than anoxemia. Studies on the neuro- 
logic sequelae of paranatal asphyxia, and on cerebral injury in the newborn 
due to anoxia, have been made by Schreiber (242, 243), and Schreiber and Gates 
(244). Cole, IQmball and Daniels (48) discussed etiologic factors in neonatal 
asphyxia, and clinical observations of this condition were reported by Wilson, 
Torrey and Johnson (282). Windle and Becker (284, 285) studied experimental 
anoxia and asphyxia of the newborn, and Khbat (142) discussed problems ancil- 
lary tp the neuropathology following arrest of the brain circulation in very young 
animats. 

Schreiber, and Schreiber and Gates, described localized and generalized 
brain atrophy, medullary necrosis and a few ganglion cells showing homogeni- 
zation and vacuolation of the cytoplasm and pyknosis and eccentricity of the 
nuclei, as well as microscopic areas of devastation and hemorrhage. It is 
stated that in all deaths from cerebral anojda the microscopic lesions are identical, 
regardless of the cause of the oxygen deficiency in the cellular tissue or age of 
the subject. In over 500 children with brain defects, 70 per cent showed a 
history of asphyxia, but one wonders if the asphyxia is the cause or the effect 
of the brain depression in these cases. In a number of cases of mental deficiency 
and neurologic defects in children, it is presumed that the etiology is paranatal 
asphyxia, and that there is a definite relationship of fetal oxygen want and 
post-natal neurologic sequelae. However, much more than simple asphyxia 
may be involved in many' of these cases. 

Kabat (142) pointed out that statements have appeared in the literature, 
without any experimental basis, maintaining that the brain of the newborn is 
less resistant to anoma than the adult brain. Schreiber (242-3), for example, 
was of the opinion that considerable clinical evidence supports the conclusion 
that the brain tissue of an infant can sustain much less oxygen deprivation than 
can the adult organ, and, therefore, is more readily damaged from this particular 
cause than is adult cerebral tissue. Kabat noted, however, that clinical ob- 
servations on asphyxia neonatorum (Wilson, Torrey and Johnson, 282) reveal 
that the newborn infant can recover completely after severe asphjoda prolonged 
far bej'ond what would constitute fatal asphy.\ia in the adult. The great 
resistance of the respiratorj' center of the newborn is attested to by the prompt 
response of severely asphyxintod infants to lobeline. ICabat also found that 
newborn resistance to temporary arrest of the circulation of the brain surpassed 
that of the adult (pathologio findings to be published by Kabat and Grenell 
147). 

Windle (2^) has reviewed the studies on intrauterine respiration, respiratory 
changes at birth and tolerance by the newly bom of ano.xia. In 1912, Windle 
and Becker (281) studied the effects of anoxia at birth on the central’nen-ous 
sj-stem of the piinea pig. The abdomen of the animal at or near term was 
anesthetized, with one cc. of a one per cent solution of procaine hydrocliloride. 
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No Other anesthetic was employed. One fetus was deKvered immediately through 
a midline incision, to serve as a control. The uterine vessels were then clamped 
or the umbilical cords of the remaining fetuses were compressed through small 
incisioim in the uterus. Varying degrees of anoxia were induced in 103 animals. 
Bifty-eight of them v ere delivered just before or just after intrauterine respiratory 
movements, induced by the anoxia, had ceased. Sundvors (38 per cent) were 
those winch suffered no anoxial apnea and required no resuscitation. Forty-five 
guinea pigs were delivered after 6 to 21 minutes of anoxia, after the fetal heart 
had become slow and often after it could no longer be palpated. Resuscitation 
was accomplished in 71 per cent of them by inflating the lungs with oxygen, 
or ox^^gen containing ten per cent carbon dioxide. Resuscitation was accom- 
plished in a few minutes to more than an hour; the time required was not consist- 
ently related to the duration of anoxia. These animals exhibited characteristic 
sjnnptoms of asphirxia pallida; namely, apnea, atonia, bradycardia, relaxation 
of anal sphincters, and cold, pale skin. The brains showed great variation in 
histological changes in 17 specimens compared with their normal litter-mates. 
Lesions were questionable or slight in six animals, subjected to less than eight 
minutes of anoxia. Definite, often marked changes were present in all others. 
Generalized necrosis of brain and spinal cord with chromatolysis, edema, small 
hemorrhages and ventricular enlargement appeared during the period from two 
to five days after birth. Glial proliferation and loss of nenre cells, especially 
in pyramidal layei's of the cerebral cortex, was obsen^ed between five and nine 
days; and generalized atrophy, together with glial scars marked the older speci- 
mens (14 to 43 days). The most severe changes were not encountered in those 
specimens subjected to the longest periods of anoxia. The sites of damage 
varied widely from experiment to experiment. The authors noted that the 
nenre cells of the newly bom appear to be much less ^^llnerable than those of 
the adult and wdthstand anoxia for greater lengths of time. There seemed to 
be less specificity in respect to ‘anoxiaF damage in the newborn than in the 
adult (Kabat and Grenell, 146). 

In 1943, Windle and Becker (285) presented a more detailed report of these 
studies. The pathologic report, although extended, has not yet been completed. 
It must be pointed out that the investigations of these authors, although of 
great interest, cannot be considered as studies of the effects of anoxia alone 
that is, of so-called anoxic anoxia. Thej'" have produced generalized circu- 
latoiy arrest. The fetuses have been subjected to complete temporary' removal 
of all factors essential for the maintenance of life, which normally cross the 
maternal-fetal placental barrier. This is no more a pure anoxia than are the 
studies in adult animals in which the brain circulation has been arrested, so that 
for varying periods of time there is not only a lack of oxygen, but also a destruc- 
tion of the blood-tissue and tissue-blood equilibria, with resultant accumulation 
of metabolites and occurrence of other abnormal events. It may be true that 
the lack of oxygen is the most important factor, but at present even that would 
be an assumption. 
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2. Delayed death Sallowing suicidal hangings 

Observations on the liistopathological changes in the brain in cases of delayed 
death by suicidal hanging have been made by Deutsch (G2), foalinger and Jacob- 
sohn (227), Muller (203), Strauss (2G0), Scholz (240), Bingel and Hempel (27), 
Boring (074), Helwig (115), and Dublin and Brown (G8). Salinger and Jacobsolm 
reviewed a large number of case reports and described a patient of their orvn in 
whom the pathological and physiological pictures show remarkable similarity 
to those resulting from experimental temporary arrest of the circulation. In 
seven cases described by Strauss, the patients showed periods of hyperexcitability 
with running movements and inarticulate vocalization. There was early extensor 
rigidity and opisthotonos with flexor rigidity and extrnpyramidal signs developing 
later, followed by the return of cerebriil function, but with disorientation and 
clouding of the consciousness. As seen in many experimental animals there 
were late cerebellar symptoms and eventual recovery. Muller, Scholz, Bingel 
and Hempel, and Boring also reported cerebral pathology almost identical with 
tliat obsenmd in cerebral anemia. In reviewing the early literature, Boring 
called attention to the absence of cerebral lesions other than capillary hemorrhage 
in death immediately following strangulation. In a nineteen year old male 
dying 9G hours after suicidal hanging there were regressive glial changes, to- 
gether with severe nerv’c cell damage. Many ganglion colls were missing in 
the third lamina of the cerebral cortex, and in some areas in which the ganglion 
cells were almost completely absent, many of the remaining cells showed dark, 
shninken nuclei with homogeneously stained cytoplasm. Some of the large 
cells were swollen, and in the decolorized cytoplasm Nissl’s small, ring-like 
structures were seen. Rarely, there W'cre incrustations in the pericellular 
me.shwork. In general, the picture W'as that of Spiolmeyer’s ischemic cell change, 
but pathologic changes comparable toNissl’s severe cell disease were also observed. 
Severe coll damage w.as also seen in the thalamus, globus pallidus, putamen 
and caudate nucleus as welb as in the Purkinjc colls of the cerebellum. The 
putamen especially showed marked cell loss os well as the presence of many 
‘ghost’ cells. In the region of the internal capsule there was softening and 
necrosis. No changes were obseiwed in the substantia nigra, oculomotor and 
rod nuclei, the pons or the medulla. 

In Helwig's case, a man of 54 who undenvent a block dissection of the neck 
under local anesthesia, death in conrmlsions supervened approximatoly three 
hours after accidental choking. The nricroscopic findings presented a picture 
of ischemic degeneration, the most striking changes being in the ganglion colls 
of the cerebral cortex which revealed difluse alterations in all regions studied. 
There w ere vaiying degreees of chromatolj-sis, and the cell contours wore altered, 
some being shrunken, and triangrilar. Many nuclei were swollen and darkly 
stained, while some colls .showed cle.ar, pale perinuclear zones. Considerable 
cell shrinkage was scon in laminae V and VI of the frontal corte.x. In the hip- 
pocampus there was no loss of cells in Sommer’s sector, but fragmentation and 
loss of tlie Nissl granules wore obsen'cd. In Bielschowskj' preparations ex- 
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cessive deposits of silver were obseiwed in many shrunken nuclei, and there was 
some coalescence and fragmentation of intracellular neurofibrillae. The nerve 
cell changes described in this case present unusual interest in that they appeared 
after a remarkabty short sundval time. Progressive and regressive changes in 
glial cells were observed with definite increase in the numbers of astrocytes, 
many of which contained bluish-green cytoplasmic granules which showed an 
affimty for Sudan stain. In the white matter there was occasional perivascular 
round-cell infiltration. Lipoid stains also gave evidence of the presence of 
fat in the capillary walls and in the cells of the pia-arachnoid. 

Recently, Dublin and BroAvn (68) have called attention to extensive cerebral 
lesions in the case of a 38 year old male ps 3 ^chotic patient with chronic alcoholism, 
who died 80 hours after suicidal hanging with a necktie. In the cerebral cortex 
swelling, clmomatolysis, vacuolation and pj^knosis of the nerve cells were ob- 
served. Many large pyramidal cells were fragmented and stained poorly. 
There were large areas of porosity and edema in the white matter. In the white 
matter here and there, the axis C 3 '^linders were tortuous, beaded and fibrillated. 
There was perivascular necrosis as well as necrotic changes in the small vessels 
themselves, around many of w^hich single la 3 ’^ers of oligodendroglia and lymph- 
ocytes were obsen’^ed, SateUitosis %vas evident around some of the degenerated 
nerve cells. The hippocampus was markedly affected, but the most severe 
lesions were seen in the basal ganglia, especially in the globus pallidus, where 
the nerve cells showed as dark purple, homogeneous masses. The neurofi- 
brillae were lost, the C3’toplasm was indistinguishable from the nuclei, while 
the nerve processes were poorly stained and varicose. The Purkinje cells of 
the cerebellum had virtually disappeared, and the cells of the dentate and olivary 
nuclei were severely swollen, poorly stained or pyknotic. The spinal cord and 
peripheral nerves were essentially normal. Similar lesions were seen in rabbits 
sacrificed three weeks after cenical compression for brief periods. In anhnals 
which succumbed immediately to experimental strangling for 4| minutes, no 
lesions could be found other than vascular congestion. 

In 1938 Chomyak (47) published a series of obsenmtions on structural 
changes in the brains of monke 3 '-s and human beings, produced by oxygen de- 
privation, due to experimental and clinical pneumonia. Cultures of pneumococci 
were injected into the trachea of monkeys just below the cricoid cartilage. The 
animals were autopsied immediateh’" after death or were killed in order to elim- 
inate post-mortem changes. The microscopic studies of the brains clearly 
demonstrated the relationship between the extent of the pulmonaiy involvement 
and the severit 3 ’' and distribution of the damage in the central nervous S 3 ^stem. 
The lesions were similar to those produced by atmospheres deficient in oxygen 
and b 3 '^ carbon monoxide asphyxia. There was the same remarkable difference 
in the degree of damage seen in the nen^e cells in the same brain as was seen in 
animals killed b 3 ’' direct exposure to anoxia. The neurons in the supra-granular 
lamina of the cerebral cortex were the most susceptible to anoxemia incident to 
the experimental pneumonia. The damage throughout the thalamus and basal 
ganglia was likevdse as severe as in experimental asph 3 Tda. Throughout the 
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brain stem in pneumonia there was the same relative difference in the degree 
of damage between the somatic and visceral nuclei as is seen in experiinental 
asphyxia. The larger multipolar cells (motor) which occur in the reticular 
formation, nuclei of the hypoglossal, abducens, trochlear and oculomotor nerves, 
showed relatively less severe damage than was seen in the sensory areas in the 
brain stem, visceral efferent nuclei (e.p., vagus and ambiguus), and in the correla- 
tion centers. The vascular changes were hyperemia, stasis, edema and diapedcas 
and endothelial reaction. The neurons in the supra-granular lamina within 
the psycho-projection or association areas, were damaged early, and before 
the occurrence of irreversible changes in the blood vessels. They' are the most 
vulnerable neurons to oxygen deprivation. 

All of the human cases showed marked signs and symptoms of oxygen de- 
privation. In six of the cases there was extensive and acute pulmonary disease, 
one of cardiac failure on the basis of thyroto.xicosis, and one with death five 
days after a cessation of respiration for five minutes following aD and C operation . 
under ether anesthesia. This latter case illustrates the importance of the rapidity 
vdth which the anoxemia occurs in determining the severity of the damage. It 
is noted that this case is very similar to that reported by Bodechtel (29) who 
also found extensive laminated loss of ganglion cells, especially in the supra- 
granular layers of the cerebral cortex in a patient who died fourteen hours after 
a “temporary heart failure” during narcosis. 

The changes in the brain found in these cases were similar to those produced 
experimentally in dogs by atmospheres deficient in oxygen and by asphyxiation 
with carbon monoxide, and in monkeys by experimentally produced pneumonia. 
The brains in all cases showed non-inflaramatorj' degenerative lesions. The 
upper layers were the most affected. In the areas of the cortex which showed 
severe damage throughout the entire thickness, the more complete necrosis 
could still be found in the upper lay'ers. The nerve cells in the suprngranular 
layers showed extreme swelling, to the stage when the cytoplasm was simply 
a water-laden bag surrounding the nucleus. Soon after this stage the cell mem- 
brane disappeared, and although there was complete destruction of the cytoplasm 
in some cells, the nucleus persisted. It was frequently dechromatinized. The 
ner\'e cells in the deeper layers showed much less intracellular edema with 
varying degrees of dechromatinization. These cells showed most marked damage 
and necrosis where the structural changes in the blood vessels were the most 
severe. In these areas there was cell loss irrespective of the lamina and scattered 
irregularly throughout the gray matter. Most of the changes in these infarcted 
arosis were those of the so-called ischemic type as described by Spielmeyer 249, 
250) •. coll swelling, cell shrinkage, cell coagulation, cell liquefaction. Tliese 
are considered as changes in the nucleus— plasma ratios which are part of the 
process of dechromatinization. The cell liquefaction in these ischemic foci 
was in most instances preceded by complete dechromatinization of all structures; 
cj-toplasm, nucleus, and nucleolus, i.c., the "shadow-form.” The small cells 
in the basal ganglia, the cells of the thalamus, and the Purkinje cells showed 
uniformly the most marked damage (after the cells in the supragranular lamina). 
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Are^ of softening due to infarction were also found throughout these sub- 
cortical structures. Sommer’s sector showed necrosis in one case. There was 
a marked reaction of the glia ceils. The astrocytes showed hyperplasia and 
hypertrophy. The astrocytic reaction as well as the occurrence of rod-cells 
was found in laminae I and II in areas in which there was much less damage to 
the deeper layers. The oligodendroglia showed marked hydropic degeneration. 
The microglia were changed into rod-cells especially in the areas of incomplete 
softening. The gitter cell stage was reached in only very rare instances in the 
medullary substance. 

The changes in the blood vessels were of particular interest. There was 
marked stasis. In the pial vessels, the stasis was especially constant in the veins. 
Extreme dilatation of the blood vessels and stasis with edema and diapedesis 
was most marked in the subcortical tissue. Throughout the cortex the larger 
arteries were frequently distorted, partially collapsed and empty. The Virchow- 
Robin space was greatly enlarged around such a vessel. The capillaiy circu- 
lation was in some areas hyperemic and appeared as in an artificially injected 
specimen, and in other areas ■within the same brain the capillaries were collapsed, 
empty, with marked perivascular edema. Then- endothelium was hypertrophied, 
stained more deeply, giving the vessels rmusual prominence. Vascular pro- 
liferation was very extensive in one case. Vascular sprouting was found in 
the areas of necrosis and frequently in the first layer of the cortex and the 
molecular layer of the cerebellum. Occasionally an irregular mass of endothelial 
cells, starlike in arrangement, marked the site of the disintegration of the vessel 
wall, usually a very small vessel or capillary. Throughout all the cases, the en- 
dothelial hyperplasia was extremely marked. This was most marked in the 
veins, especially in those in the parenchyma, although it was also seen in the 
pial veins. In some instances the endothelial hyperplasia extended entirely 
across the lumen of the greatly dilated and distorted blood vessel. 

Throughout the medullary substance there were also marked edema and areas 
of rarefaction with glial cell reaction around the blood vessels, especially those 
sho'iving marked proliferation of the endothelium. 

IV. ISCHEMIA 

1. Arrest of the circulation 

A great nmnber of observations have been made upon the effects on neivous 
centers of suppression of the circulation. The effect of compression of the carotid 
arteries has been known from earliest tunes. The Assyrians compressed th^e 
vessels in young men to lessen the pain of circumcision, and the carotid arteries 
were referred to by the Greeks as the “soporales” because of a supposed relation- 
ship to sleep. Travelling magicians in the Middle Ages mj^stified their audiences 
by causing a goat to fall helpless as a result of discrete manual occlusion of the 
carotids. The earliest recorded experiments on animals, those of Steno in 1667 
on fish (256), and of Swammerdam (262) on mammals, describe the effects of 
occlusion of the abdominal aorta. In 1756 Albrecht von Haller (105) repeated 
Steno’s experiment and described the results in greater detail. Other studies 



HISTOPATHOLOGV OF CENTRAL NERVOUS SYSTEM 


,181 


o£ this type, involving the spinal cord, were carried out by Sfigalas d’Etchepare 
(73), Stannius (254), Brown-Sfiquard (34), Kussmaul and Tenner (160), du 
Bois’-Keymond (31), Vulpian (275), and Schiffer (235). Chevreul in 1870 
recorded the effects of manual occlusion of the abdominal aorta in the horse. 
Luchsinger (175) also ligated the subclavian arteries, as did S. Mayer (189), 
Ehrlich and Brieger (69), Singer (247), Spronck (253), Miinzer and Wiener 
(204), Herter (118), Sarb6 (229), Jatta 039) and Righetti (221). De Buck and 
de Moor (37) reviewed all pathological studies on anemia of the cord up to 
1900. 

Further experiments on cord anemia by ligation of vessels have been performed 
by Marinesco (184), Juliusberger (141), Ballet and Dutil (21) and Tureen 
(270, 271, 272). More recently, studies of spinal cord anemia by other techniques 
have been done by Van Harreveld and Maimont (107) and ICabat and Grenell 
(148). Investigations of this nature have been augmented by clinical cases 
of aortic obstruction, most of the literature concerning which has been summari zed 
in the papers of Petitpierro (210a), Dragescu and Pctrescu (65a), Schlesinger 
(235a) and Kaliler (151a). An historical review of tlio clinical aspect of vascular 
occlusion of the cord may be found in a summary by Tureen in 1938 (271). 

a. Spinal cord. In 1895 Lamy (161) produced ischemia of the spinal cord 
in twelve dogs by experimental embolism, and demonstrated hemorrhagic areas 
in the gray matter after seven days. Lamy (162) described three stages of the 
cord lesions following this procedure. At first in the initial ischemic stage there 
was profoimd injury to the cord neurons. A stage of red softening was also 
differentiated in which rupture of the blood vessels was observed. In a final 
stage phagocytic activity was noted, as evidenced by appearance of granular 
cells. 

Evidence that the spinal cord boutons are susceptible to the effects of ischemia 
may be derived from studies carried out by Marinesco (183) who obscr^md acute 
pathological changes in the boutons torminaux in a r.abbit surviving 17 hours 
after permanent ligature of the abdominal aorta. They were described as diverse 
in form and volume and were illustrated as hypertropliied granular stracturcs 
on the surface of the cell body and dendrites. In opposition to the hypothesis 
of selective sensitivity of the synapse to ischemia, Rabat and Schadewald (151) 
have found normal boutons terminaux on severely damaged Purkinie cells of 
the cerebellar cortex in dogs subjected to complete temporary arrest of the 
circulation of the brain. Marinesco’s findings are now being reinve.stigated 
and further experiments are in progress (Hoff and Grenell) in an attempt to 
throw light on the still unsettled question of synaptic sensitivity to ischemia. 

He Buck and de hloor (37) state that NissPs method of staining is the most 
sensitive and satisfactory for detecting early changes as a result of anemia 
(they eliminate work done before the time of Nissl as of imccrtain histological 
value). The validity and interpretation of these coll changes has been discussed 
by Greenfield (90). Do Buck and de Moor (37) note that an animal has to 
siuvive at least three hours after the beginning of the occlusion, even when the 
aorta is permanently ligated, or no lesions can be found. Concerning the duration 
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of time of ligation necessary to produce pathological changes, they observed 
an astonishing discrepancy in the reports of various authors; 


Juliusberger found 

Sarbo found 

Munzer and Wiener found 
Rhigetti found 

Jatta found 

Spronck found 

Jatta found 

Marineseo found 

Rigbetti found 


changes 


0.5 

changes 


1.5 

changes 


5 

changes 


6 

changes 


12 

changes 


24 

changes 

after 

3 

changes 

after 

6 

changes 

after 

36 


hrs. after ligation of 1 hr. 
hrs. after ligation of 1 hr. 
hrs. after ligation of 1 hr. 
hrs. after ligation of 1 hr. 
hrs. after ligation of 1 hr. 
hrs. after ligation of 1 hr. 
hrs. of permanent ligation 
hrs. of permanent ligation 
hrs. of permanent ligation 


Although no definite or proven explanation of these differences can be given? 
they might be at least partially explained on the basis of individual differences 
in collateral circulation, metabolic rate, etc. 

De Buck and de Moor agree with most authors on the following points: Histo- 
logical changes in nerve cells be^ with chromatotysis, formation of a reticulum 
and later loss of affinity for staining. However, for a time the cell may be dark 
and somewhat homogeneous in its staining qualities. The cells atrophy rather 
than swell. The nucleus is usually more resistant than cytoplasm and does 
not disappear until late in the process of cellular disintegration. Marineseo 
described swelUng of cells as the first change. Peripheral vacuolization empha- 
sized by this author is found by de Buck and de Moor and others to be a rather in- 
frequent occurrence. Jatta described central vacuolization, and Sarbo a homo- 
geneous atrophy of the nucleus. Jatta observed fragmentation of the nuclei. 
Swelling, fragmentation, atrophy, fusion, etc, have all been described. A few 
observers have noted eccentric nuclei and extrusion of the nucleus from the cell. 
Satellitosis is only infrequently mentioned. De Buck and de Moor reported 
neuronophagia and a cellular infiltration, possibly of lymphocytes or some 
unknown wandering cells. They concluded that there are no characteristic 
histological changes associated \vith anemia,^ 

6, Cerebrum. The earliest study of experimental cerebral anemia was that 
of Astley Cooper (49) carried out in 1836, who ligated the two carotids and two 
vertebrals in dogs. He noted that death did not follow' immediately, and that 
spasms occurred before cessation of respiration. Kussmaul and Tenner (160) 
repeated this experiment and stated that it is impossible to revive the cerebrum 
after two or three minutes of ligation, but they did not use artificial respiration. 
Magendie and Poiseuille (181) reported similar experiments. During the re- 
mainder of the 19th centuiy, ligation of the four main cerebral arteries was 
performed by many investigators, and the accompanying physiological changes 
were fairly well worked out, such as the importance of the medullary centers 
in the maintenance of life. Brown-S^quard (33) obtained similar results, also 
without artificial respiration. He was, however, able to revive tbe cerebrum 

I Our attention baa been called to the work of B. Rexed (some observations on the 
effect of compression of short duration of the abdominal aorta in the rabbit. Ac.la Psy- 
chial. d Neurol., 1940, iS: 365-398), relating anemia to changes in cord function. 
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after Bcvcnteen minutes of arterial occlusion. Vulpian (275) made observations 
similar to those of Cooper. In 1878, Mayer (189) repe.atcd the experiments of 
Cooper and Magendie with great care. He found that the vasomotor and 
respiratory centers lost their excitability later than other cerebral centers; 
they were able to resume function 10 to 15 minutes after circulation was restored. 
Hayem (112) says that in the rabbit, the cephalic circulation is not always sus- 
pended by ligature of the four cephalic trunks; in general, when these ve.ssels 
are ligated for ten to eleven minutes, reestablishment of the circulation does not 
revive the functions of the cerebrum. Aducco (3) observed that in partial 
anemia of the cerebrum the excitability of the psychomotor centers is increased. 
Hering (117) stated that after ligation of the carotids and vertebrals not only 
the gray substance became inexcitable, but also the white substance. 

In o&er experiments cerebral anemia was induced by decapitation. Legal- 
lois (165) was the first to state that life could be maintained in a head separated 
from the trunk by transfusing it with oxygenated blood as soon after decapitation 
as possible. Brown-S5quard (33) iniected arterial blood into four cephalic 
arterial trunks of a decapitated dog. The transfusion took place ten minutes 
after cessation of all respiratory movement. He noted movements of the eyes and 
of the facial muscles, which semed to be directed by the will. Other observers 
- report less satisfactory results. Loye (174) never saw consciousness return 
in heads of decapitated dogs even if blood was circulated three or four seconds 
after decapitation. According to Hayem and Barrier (113) manifestations of 
consciousness and voluntary control reappeared if the transfusion was given not 
later than ten seconds after decapitation. When they waited eight to ten min- 
utes the transfusion only gave abortive respiratory effects; after twelve minutes 
the head remained inert. 

Thus, the opinions of these early investigators vary eonsiderahly, especially 
concerning recovery of function after circulatorj' arrest. The oldest method 
of stopping blood flow, as used by Astley Cooper, Kussmaul and Tenner, etc. 
and later by Hill (121), and Andreyev (13), was incapable of yielding accurate 
information (as are some later methods) in great measure because the anemia 
was never total due to the existence of a collateral circulation. This collateral 
circulation may c-xplain in part the differing results obtained in various e.x- 
periments. The anemia was total in the decapitation experiments, but in these 
cases the situation is much more severe and complicated. The early method 
of ligation is of value chiefly in investigating the range of variation in collateral 
circulation to tlie brain in different species and individuals. Hill and others 
have shoum that these anastomoses arc so axtensivo in many animals, especially 
dogs, that they cannot bo killed by permanent ligation of the innominate and 
left subclavian arteries. Hill has stated that horses imd goats can be killed 
by ligation of t!\o carotid arteries alone, but has presented no c.xporimental 
er-idence on this point. He found that one of throe cats died after ligation of 
the four main cerebral vessels, and that monkeys reacted in about the same 
inanner. lie emphasized that the least trickle of blood can maintain the ac- 
tivity of nerve cells tor a surprisingly long period. This obsenmtion has been 
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confirmed repeatedly by numerous investigators. Even stagnating blood about 
nerve cells prolongs their life. S6galas de’Etchepare (73) and Batelli (21a) 
found that after ligature of the abdominal aorta the struggles of animals 
lasted longer when the vena cava had been tied than when it had not. Can- 
non and Burket (45) reported that ligatures carefully tied about the colon and 
stomach do not produce serious impairment of function in these organs even 
after seven hours, but when blood is squeezed out of them by pressure 
between glass plates, activity ceases after three hours, and definite changes 
occur in the nenm cells. The histological changes they found in the auto: 
n'omic ganglia after three hours of anemia were as follows; (i) disappearance 
of cytoplasmic granules and diffuse staining, (ii) moderate connective tissue 
proliferation, (iii) somewhat eccentric nuclei, (iv) after three and a half hours 
of anemia practically all cells have disappeared and only scattered remnants 
remain, and (v) one and a half hours of anemia produce no histological changes. 

Roberts (222) demonstrated that even after ligation of the four cerebral vessels 
some pressure is maintained in the circle of Willis. In addition, Brown (32) 
has shown that spinal vessels readily carry dyes to and from the brain. Even 
in experiments in which the contractions of the heart have been stopped, such 
as those of Boehm (30), Batelli (21a), Crile and Dolley (5C) and Heymans et al. 
(120), a number of difficulties are encountered. While the blood flow in the 
brain is presumably stopped completely, all other organs are also rendered 
anemic. The organism thus has greater difficulty in restoring the neurons 
to normal because of simultaneous depression of the heart, Iddneys, lungs, 
liver, etc. Furthermore, there is the additional difficulty of determining the 
exact moment of cessation of expulsion of the blood by the heart, as well as 
the total duration of anemia. Pike, Guthrie and Stewart (212) have pointed 
out that slight fibrillation of the heart may maintain a small amount of blood 
flow; moreover, one cannot be sure the heart has ceased to function except 
by direct inspection. Tliis difficulty is also attested to by Winkelbauer (280) 
and Longheed, Janes and Hall (171). Itrmdoubtedly accountsfor the remarkable 
reports of recovery after hours of apparent death (Prus, 214) . 

The use of anesthetics as a means of inducing cardiac arrest, or the incidental 
use of anesthesia in the procedure may complicate results. Since Quastel and 
Wheatley (218) demonstrated inhibition of oxidation in brain slices by narcotics, 
there is abundant evidence that anesthetics and narcotics interfere with the 
oxidative mechanisms. Recently, Grant, Weinberger and Gibbon (94) studied 
the resistance of the cerebral neurons to lack of blood supply b}’’ clamping the 
pulmonary artery in cats for a short time, thus arresting the entire somatic 
chculation. While this method is superior to earlier tecimiques, it is subject 
to many of the same difficulties and the surgical procedure would appear to 
be rather formidable. Weinberger ei al. (279), working Avith cats, produced 
temporary anemia by this same method. At the end of three minutes and 
ten seconds permanent and severe pathological changes were found in the 
cerebral cortex. Longer periods caused lesions in the Purkinje cells of the 
cerebellum and nervm cells in the basal ganglia. In their experiments circulatory 
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arrest for periods in tlie neighborhood of seven and one-half minutes caused 
complete destruction and liquefaction necrosis of the cerebral cortex. The 
motor and visual areas of the eortex sustained the earliest and most profound 
damage. The olfactory, orbital and temporal regions of Uie cortex were the 
least susceptible. Lamina I, and, to a lesser extent Lamina II, wore the least 
vulnerable of the cortical layers, while laminae III and IV wore the most severely 
affected. The lateral geniculate nucleus is the most vulnerable of the basal 
nuclei in the cat, followed in order of susceptibility by the hypotlialamic nuclei, 
the thalamic nuclei, the globus pallidus and the caudate nucleus. 

Extensive investigations have been carried out by the metliod' of temporary 
occlusion of the innominate and the left subclavian arteries proximal to tlio 
origin of the vertebral arteries, in cats and dogs, by Pike, Guthrie and Stewart 
(212) and Gildea and Cobb (88). This method, as Gildea and Cobb pointed 
out, also fails to produce a complete anemia of the brain, since the ascending 
blood flow in the spinal arteries has not been interfered Avith. This factor 
is of utmost importance, since the anterior spinal artery is so large that the 
excitability of the cerebral motor cortex can be maintained by blood supplied 
by this artery alone (A. and B. Chauchard, 46). Since the blood flow remaining 
after occlusion of the chief cerebral arteries is quite variable from animal to 
animal, tlic severity of the brain damage resutting from a certain period of 
anemia is rendered relatively unpredictable. Other criticisms of this procedure 
are the variable depressant effect of the anesthesia and the necessity of surgical 
procedures at the time of the experiment. 

These difficulties, however, do not invalidate results obtained, some of which 
have been confirmed in other experiments. Pike, Stewart and Guthrie found 
that the occlusion of the vessels, prolonged over 15 minutes, permanently 
abolished functional activity of the cerebral and medullary centers. In their 
series of ninety-three cats (212), five animals recovered completely after an 
occlusion period of seven minutes, only one after 15 minutes, and none after 
20 minutes. They concluded that more than fifteen minutes of cerebral anemia 
results in death no matter what methods of resuscitation may bo used. They 
reported the early and remote effects of cerebral anemia as follows: Immediately 
after occlusion of the innominate and left subclavian arteries in a cat, tlio nose 
and mucous membranes became pale, the animal stiffened out, and respiration 
increased in rate and then developed irregidaritics, and ceased entirely after 
thirty seconds to two minutes. Rene.\'cs, including the corneal reflex, disap- 
pcai-od and the pupils dilated. The heart speeded up at first, and then, ns 
the vagus center was affected, became temporarily slowed. The picture at 
the end of occlusion was an animal with widely dilated pupils, lax and sunken 
cornea, motionless eyelids, no tear secretion, bloodless mucosa of the nose and 
moutli, rela.\-(xl mu-sclcs, no voluntary respiratory movements and low blood 
pressure. The heart beat was slow and weak. The authors considered the 
immediate cessation of rc.spiration as the most reliable indication of a complete 
occlusion. After the vessels were released, provided the occlusion period had 
not been too long, the mucous membranes immediately became pink and respi- 



186 


B. C. HOFF, R. G. GRENELL AND J, F. FULTON 


ration returned suddenly, usually within two to sixty minutes. Reflexes and 
normal intraocular tension returned more gradually. Convulsions occurred 
at any time from a few minutes to several days after restoration of the circulation. 
These seizures were described as beginning usually with extensor rigidity, 
quickly changing into a less regular type of tonic convulsions and then into 
the clonic type. The symptoms in different animals were also described, es- 
pecially those in which the occlusion period was longer than eight minutes. 
Some developed a spastic gait; others became peculiar in their behavior, de- 
veloping yowling spells, nmning fits or “dementia.” 

Gomez and Pike (91) reported the neuropathological changes in these animals, 
which may be summarized as foUow^s: Pericellular lymph spaces are dilated 
two to three times the normal size. In animals allowed to recover completely, 
this space is reduced to normal size. In tissue taken during the period of the 
anemia, the spaces are reduced or not greater than normal. Cats killed a short 
time after restoration of circulation show swollen cells. It was impossible to 
differentiate readily between normal cells and cells of cats killed without return 
of circulation, or cells of animals that have recovered. Cats that die many 
hours after restoration of the circulation and following a prolonged period of 
anemia have cells which are shrunkemand irregular in outline; pericellular 
lymph spaces are relatively wider than ndrmal. Twm types of chromatin changes 
occur; the first in large pyramidal ganglion cells, where chromatin tends to be 
clumped and takes a diffuse blue stain; this often extends into the nucleus which 
loses its outline and can only be made out by the presence of a deeply staining 
nucleolus. With more advanced changes the chromatin is broken do^vn into 
fine dustlike particles and finally it may not stain at all. The second type of 
change occurs in small pyramidal cells and consists of loss of affinity for staining 
and complete disappearance. 

In animals in which the period of anemia is long (22 minutes) and the period 
of survival several hours, vacuolization of the cytoplasm occurs; the nucleus 
is displaced, but there is no evidence of extrusion from cells. Occasionally 
the nucleus was found to take a stain similar to that taken by the cytoplasm. 
No change was found in the nucleolus. A certain time must elapse after a 
period of occlusion before characteristic changes occur. Neuroglia cells show 
no abnormalities. 

Neurons of different animals and of different areas in the same animals show 
variation in susceptibility to anemia. Small pyramidal cells are the most 
sensitive and often show decreased affinity for staining. Purlcinie’s cells are 
next in order of sensitiveness. They show diffuse chromatolysis after 13 minutes 
of anemia. The cells in the medulla are more resistant. Eight to 13 minutes 
of occlusion usually produce very slight lesions. Twenty to 30 minutes cause 
changes not compatible with life of animals. Neuroglia cells are unaffected. 
The cells of the cervical cord are described as next to the medulla in their capacity 
to endure anemia. Spinal ganglion cells are the most resistant of all. 

Hill and Mott (122) made histological studies of brains of monkeys in which 
cerebral anemia had been produeed by .the Astley Cooper procedure. They 


mSTOPATHOLOGY OP CENTHAI. NERVOUS SYSTEM 


187 


found, after permanent ligation, that changes in the cortical cells occur vitliin 
ten minutes, which consist of slight swelling and chromatolysis. They mentioned 
no controls. In animals that die within 24 hours the cortical ganglion cells 
show diffuse staining, absence of Nissl bodies and ‘coagulation necrosis.’ MTien' 
signs of recovery are evident at the end of 24 hours, the cortical cells of such 
animals are swollen, the nucleus enlarged and displaced, but vith some dif- 
ferentiation in the chromatic and achromatic substance remaining. Mott 
pointed out that this indicates that only biophysical changes have taken ]llace 
rather than biochemical, and therefore no permanent cessation of function of 
the cell has occurred. Hill and Mott (122)*^ repeated these studies on cats. 
They reported that in cats that die within 24 hours there is loss of chromatin 
granules and diffuse staining in cortical cells. In cats that die after 24 hours, 
swollen vacuolated cells with large eccentric nuclei occur. Neurofibrils showed 
no swelling. They concluded that large psychomotor cells of the cortex were 
more resistant to anemia than small pyramidal cells. 

Spielmeyer studied cerebral anemia, and in a summarizing paper (250) he 
described the usual lesions and mechanisms involved. He found pale areas 
in the cortex due to dropping out of nerve cells. The remaining cells, when 
examined under high power, were seen to be shrunken, homogeneous and pale, 
UMally corresponding well Mth the ischemic cell degeneration described in 
his book (249). This typo of cell change is not universal; other types may be 
found. The main types seen with Nissl stain are: 

Cell swelling (‘Sohwellungsvorgange’, Nissl’s ‘akuto Schwcllung’) : The 
cells show rounded comers and plump processes; many of these stain blue and 
ate visible for a long distance; the chromidial substance is disintegrated, at 
least near the nucleus. The whole cell takes a diffuse blue stain, there being 
no unstained spaces. 


Coll Shrinkage (‘einfache Schrumpfungen’, Nissl’s ‘chronischen Zeller- 
krankung’): The whole cell is shrunken and often elongated, including the 
chromidial substance stains darkly, is less in amount and may 
bo in clumps. The spaces which normally are unstained take on color and 
largely disappear. The outline of the cell is angular, loses its round curves 
and where the processes come off there are sharp angles. The nucleus loses 
its roundness and may take on something of the shape of the cell; it is dark and 
the nucleolus may be larger than normal. 

Cell Liquefaction (‘Verflussigungsprozesse’) : The cells are pale and swollen, 
vith rounded outlines, the chromidial substance disappears and rings of detritus 
0 on remain in the coll body; dark-staining granules and globules are seen, 
s often m the processes. The nucleus is round, small and metachromatic- 

nroce'*'^ apparently a pernicious 

between the one described and complete disintegration are 
C ll’ o therefore called by Nissl ‘schwere Zellvorandening’. 
boflv • (‘Gorinnungsvorgunge’, ‘Koagulationsnek-rose’) : The cell 

elongated decolorized; it is shmnkcn, angular and unusually 

K lod. The processes are lost or difficult to sec; they may be encrusted 
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with degeneration globules. No clu-omidial substance is seen, and the endoplasm 
is almost colorless or bluish and homogeneous. The nucleus loses its rotundity 
and may be triangular or irregular; it is dark, often metachromatic, and the 
nucleolus is seen with difficulty; it is usually enlarged and at the edge. This 
type of change is found most frequently with vascular occlusion, and is called 
by Spielmeyer hschamische Zellveranderung’. Subspecies of this type are 
characterised especially by homogeneous change and impregnation with de- 
generation granules. 

.Alzheimer’s Fibrillary Degeneration: This shows swollen, irregular cells with 
loss of chromidial substance, but special stains must be used, for the Nissl 
picture is not entirely characteristic. Pigment and fat changes: These are not 
well seen because of alcoholic fixation. 

Buzzard and Greenfield (38) summarized the accepted results of cerebral 
anemia at that tune, as follows: Partial interference with blood supply produces 
cellular changes similar to those due to various poisons. Sudden and complete 
cutting off of blood supply from any part of the central nervous system leads 
to rapid cell change characterized by reduction in the size of the cell body, 
the whole cell staining homogeneously with the basic dye. This has been il- 
lustrated by the results of experimental ligature of the carotid and vertebral 
arteries or of the abdominal aorta in animals, and by the result of thrombotic 
lesions in human brains. There is evidence to show that chromatolysis, to- 
gether with some swelling of the cell and displacement of the nucleus, may be 
recovered from, if and when the circulation is reestablished, but the state of 
cell shrinkage associated wth imiform deep staining indicates that a biochemical 
change in the protoplasm has taken place, from which recovery is impossible. 

Gildea and Cobb (88) state that “anemia, if severe and prolonged enough, 
produces some form of lesion of the central nervous system; that fifteen minutes 
or less of practically complete anemia results in permanent loss of function of 
many cells of the medulla and the cortex and that histopathologic changes can 
be made out if an animal is kept alive a certain time after the period of anemia. 
Some observers report changes at the end of ten minutes, but the majority 
consider from one to three hours, or longer, necessary for the production of 
lesions. We find that almost every type of lesion has been described, but that 
perhaps the commonest type of cell change is the shrunken, homogeneous, 
dark-staining variety. Shnmken cells that have poor affinity for staining and 
a definite reticulum are also common. Satellitosis or glial proliferation are 
only infrequently mentioned. Chromatolysis is always mentioned, but ap- 
parently means different things to different observers. The variety of these 
observations makes it seem improbable that any type of histologic change can 
be described as pathognomonic.” Their omi varied experiments (88) have 
produced interesting results. They were fully aware of the incompleteness of 
the anemia. Their findings were: 

Cerebral anemia, if sufficiently complete and prolonged, produces lorions 
that are demonstrable in sections of the cortex stained by Nissl’s cresyl \'iolet 
method. No one type of lesion can be said to be pathognomonic of cerebral 
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anemia. Tlie most severe lesions consist in focal areas of necrosis. Shrunken, 
homogeneous and dark-staining cells predominate in the lesions of the majority 
of the cats, but swollen vacuolated cells are not infrequent. Focal areas of 
necrosis require at least twenty-four hours to appear, but shrinkage, chromatolysis 
and homogeneous staining of the cells appear immediately after a period of 
cerebral anemia which is sufficiently complete and prolonged to, cause death. 
The size of perineural spaces does not seem to depend on severity of anemia, 
or on the length of time the animal lived after the period of anemia. Lesions 
are usually difiuse, but the most marked changes occur in laminae IH and V. 
Large and small pyramidal cells appear more susceptible than other cerebral 
colls. Oligodendroglia cells show little or no swelling even in cats in which 
most of the nerve cells are abnormal. They state that periods of anemia of 
not more than ten minutes result in permanent injury to the cortex, and not 
uncommonly in changes wlrich end in death from convulsions or failure of the 
respiratory center and that the occasional recovery of cats after an anemic 
period of fifteen minutes can readily be accounted for by the presence of un- 
usually good anastomosis. 

The moat recent studies on arrest of the cephalic circulation are those of 
ICabat and Dennis (144), Dennis and Kabat (61), Kabat and Dennis (145), 
Kabat (142), Kabat, Dennis and Baker (143), Kabat and Schadewald (161), 
Kabat, Grenoll and Baker (149, 150) and Kabat and Grenell (146, 147, 148). 
Although Pollock and Davis had dorised a more delicate technique for cephalic 
circulatory arrest than those discussed above, their method (ligation of the 
basilar and carotid arteries under ether) still had the disadvantages of incomplete 
circulatory arrest and necessity of an anesthetic. Furthermore, in the dog 
and other animals the basilar artery is rather inaccessible. Kabat and Dennis • 
(144) in 1938 devised a method by which they were able to obtain complete 
temporary arrest of the cerebral circulation without the use of anesthetics. 
This technique was as follows; “A prelimmary surgical procedure is used, 
consisting in removal of both laminae and spine of the second cervical vertebra, 
and ligation of both vertebral arteries. After an interval of one to two weeks, 
the dog is given one to two mg. of atropine sulfate to prevent vagal cardiac 
inhibition, and placed, back down, on the table. A largo blood-pressure cuff 
is wrapped around the neck, and the trachea intubated orally. By means of 
compressed air the cuff is rapidly inflated to a pressure of 350 mm. Ilg. and 
maintained at this pressure. This procedure causes sudden complete anemia 
of the head, since not only the carotids and the cervical branches of the sulr- 
claviaiis are occluded, but also the spinal vessels, by virtue of compression of 
the spinal cord.” They go on to say that, ‘‘Sudden complete anemia of the 
head is followed by unconsciousness. There is a period of asplij-xia! activity 
and panting for a short time. After several minutes respiration stops, the 
animal bccorao.s flaccid and the lid wink reflex disappears. As soon as respir- 
ation stops, rhythmic artificial respiration is begun tlirough the tracheal cannida. 
Tlio heart usually beats rapidly and vigorously throughout the procedure, but 
must be followed closely for signs of vagal inhibition. After a period of anemia 
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. . . the pressure is released. Ai-tificial respiration is continued until the dog 
begins to breathe spontaneously. The lid wink returns some minutes later,” 
These^ authors, in 1939, reported a modification of their technique with the 
following changes: (1) no ligation of the vertebral arteries, (2) Operation to 
arrest the circulation is performed two days after the laminectomy, (3) Pressure 
in the cuff is raised quickly to 700 mm. Hg. At this time they stated that, 
“The completeness of circulatory arrest in the head is determined by ophthal- 
moscopic examination of the retinal vessels. With this technic, consciousness 
is lost in a very few seconds, the corneal reflex disappeai's in from 20 to 40 seconds, 
and spontaneous respiration ceases in from 40 to 90 seconds.” (This method 
is essentially that used in most of the present investigation. Additional new 
methods and developments, resultant symptoms and other points related to 
the technique will be discussed later.) 

Kabat et at. have worked on difi'erent aspects of the problem under discussion 
with their new methods, and have reported an interesting series of results as 
follows: 

1. If the arrest of the circulation was not longer than six minutes, there apparently was 
complete recovery of function, but stasis for eight minutes or longer resulted in permanent 
damage to the brain (Kabat, Dennis and Baker, 1941). 

2. Young dogs were found to be much more resistant to acute cerebral anemia than adult, 
animals (Kabat and Dennis, 145; Kabat, 142). Kabat (142) states that, “In the newborn, 
the respiratory center will apparently continue to function seventeen times as long as in 
the adult during complete arrest of blood flow in the brain. The ability of the newborn 
to achieve complete functional recovery following periods of complete arrest of the brain 
circulation is approximatelj’' 400 per cent greater than that of the adult. . . The resistance 
is diminished to the adult level at the age of four months.” (It might be mentioned here 
that it has been Icnown for a long time that young animals are considerably less susceptible 
to anoxia and asphyxia than adults. As early as 1725 Robert Boyle commented on the 
resistance of kittens to asphyxia, and Paul Bert in 1870 called attention to this fact. Since 
then many observers have reported similar findings, e.g., Reiss and Haurowitz (220), Crile 
and Dolley (56), Andreyev (13), etc.) 

3. A pregnant or lactating animal is more severely affected by stasis than the normal 
adult animal (Kabat, 142), Kabat remarked that, “. . . re\dval time is greatly decreased 
by pregnancy and lactation. This suggests the possibility that the greater susceptibility 
during pregnancy and lactation may be due, not to a difference in the rate of metabolism, 
but rather to a difference in the ability of the animal to overcome reversible neuronal dam- 
age.” This latter statement, however, does not exclude effects of metabolic disturbances. 

4. In severe cerebral anemia, Kabat and Grenell (146) have reported that microscopic 
examination of the brain showed well localized areas of destruction limited to the gray mat- 
ter. In severely injured nuclei, complete disappearance of neurons and rnarked vascular 
and glial proliferation were observed. Most striking was the observation that these various 
nuclei appear to behave as units in resistance to anoxia. Characteristically, the severity 
of damage is remarkably uniform throughout a nucleus, and adjacent nuclei may show 
marked differences in susceptibility. This is emphasized by the fact that all pathological 
changes were perfectly symmetrical bilaterally. It is suggested that a group of neurons 
constituting an anatomical unit (nucleus) may also share specific metabolic character- 
istics. 

Still another method of intermpting the blood flow to the nervous system in 
an intact .sTiimnl is to produce general circulatoiy collapse and then to revive 
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the animal. Various means of producing circulatory failure have been employed : 
electrical shock to produce ventricular fibrillation, chloroform intoxication until 
tile heart beat disappeans, and exsanguination. Batelli (21a) produced ven- 
tricular fibrillation by electrical shock and then effected a return to the normal 
beat by cardiac massage and passage of an alternating current of 240 volts 
directly through the heart. The period of circulatory ai-rest was assumed to 
begin rvith the fibrillation and to end with the beginning of cardiac massage. 
He concluded that the limit of duration of cerebral anemia after which resus- 
citation was possible was in the neighborhood of fifteen minutes. 

Crile and Dolley (50) chlorofonncd dogs and calculated that the period of 
circulatory arrest began when the first heart sound was no longer audible. 
Tlie animals were resuscitated with an intra-arterial injection of physiological 
solution of sodium chloride and epinephrine, artificial respiration and extra- 
thoracic cardiac massage. The reappearance of heart sounds was taken to 
indicate rcestablishmont of the circulation. Witii this method an animal was 
restored to normal after as long as seven and one-half minutes of apparent death. 
These authors regarded ten minutes as the maximum period of circulatory 
arrest from which recovery was possible. 

Winkolbauer (280) bled dogs until “clinical” death occurred, the criterion 
of which was cessation of heart sounds, respiration and pulse. At this time 
blood was rapidly injected, epinephrine given and artificial respiration started. 
The resumption of the heart beat was taken to indicate the end of the period 
of circulatory arrest. He succeeded in restoring an animal after a period of 
twenty-three and one-half minutes, during which the heart sounds were inaudible. 
However, if the period of apparent death was longer than five or sbr minutes 
the dogs suffered irreparable injury. 

Evans and McEachem (72) note that, “. . . diverse late histological lesions 
found in the brain, after apparently unrelated insults . . . vascular occlusion, 
intracerebral hemorrhage and cerebral contusion and laceration . . . should 
not bo looked upon as unrelated lesions, but ns expressions of varying degrees 
of the same functional disturbance ... an interference with normal cerebral 
circulation.” On this basis they have suggested that there are two chief factors 
involved in the mechanism of cerebral scar fonnation: (1) the relative degree 
of anemia in the affected zone, and (2) the absence or presence of free blood 
in the cerebral tissues. Sudden, complete occlusion of a vessel w'as produced 
in a monkey. The typical lesion resulting was a large cyst, surrounded by a 
minimal zone of glial and connective tissue hypertrophy. It was concluded 
that sudden complete occlusion of a main cerebral arterial tnmk leads to a 
massive zone of anoxemia in which necrosis occurs, to he followed by liquefaction 
and absorption. T. B. Rasmussen (219) ligated the cerebral arteries in the 
dog. Ho reviewed the literature on this subject and found in his own cxperimeute 
that ligation of either the anterior or posterior cerebral arteries or of both on 
one side failed to produce evidence of Ischemia. Clipping the middle cerebral 
artery produced infarcts. He explained tliis failure to produce ischenuc effects 
on tlic basis of collateral circulation. 
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Campbell and Forster (44) have described the pathologic picture seen in 
their animals after occlusion of the anterior cerebral artery. The primary 
changes occurred in the cerebral cortex which presented focal infarction and 
necrosis as well as diffuse obscuring of cortical stratification with accompanying 
glial infiltration and cellular changes of various degrees. There was some 
demyelinization of the white matter. 

Lesions of another type seen clinically — resident for e.xample in the course 
of the middle cerebral artery and characterized by abundant scar formation- 
are interpreted as a result of a partial reduction in blood supply in the distri- 
bution of the blood vessel concerned. The anemia may be severe enough tp 
result in lost or severe damage to neurons, but of a degree adequate to stimulate 
glial and connective tissue hypertrophy. Escape of blood through vessel walls 
(diapedesis) may also play a role in such processes. Evans and McEachem 
also feel that the two factors stressed above are of significance in determining 
the late results Pf infectious processes and of developmental disturbances in- 
volving the brain. An important concept discussed in relation to these points 
is one maintaining that varying degrees of oxygen deprivation produce variable 
grades of cellular change in the different elements comprising the neivous 
system (we would amend this to include not only oxygen deprivation, but also 
that of other blood constituents). In severe anoxemia, the death of all cells, 
neuronal and supportive may be expected. In moderate grades of anemia 
neuronal life is impaired, but glial and connective tissue elements are caused 
to hypertrophy. In less severe grades, neuronal integrity may be impaired 
without the occurrence of demonstrable changes in the supportive elements. 

A discussion of the problems and literature related to tissue damage from 
disease of cerebral blood vessels may be found in the papers of Putnam (215, 
216) and Putnam and Alexander (217). The latter describe diffuse and local 
effects of total, partial, subacute and chronic general anoxia (from vessel closure), 
of asphyxia, and of specific syndromes resulting from vascular obstruction. 
They state that, "... the effects of obstraction of the cerebral circulation 
are extremely variable, but fall into certain fairly definite patterns. Cerebral 
vascular occlusion does not necessarily, nor even usually, give rise to complete 
parenchymal destruction and cyst formation, but may result in selective damage 
to certain tissue elements, notably the myelin and certain ganglion cells. 
mineralization is a constant phenomenon. Our knowledge of the subject is 
obviously incomplete, but the list of neurological diseases in which vascular 
obstruction plays a part is constantly grovdng. It seems likely eventually to 
include most of those conditions which are not neoplastic, heredo-degenerative, 
suppurative or the result of vitamin deficiency, and even many which do fall 


in these categories.” 

Clinical observations have also shown a difference in the reactions produced 
when the capillaiy bed of an area is completely closed from that seen when it 
is only partially closed. Alexander and Woodhall (5) presented three cases of 
epilepsy, each due to a focal brain lesion. The lesions in two cases were trau- 
matic j in one, presumably embolic in origin. Their findings were as follows: 
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1. The epileptogenic lesions in these three cases differed from the usual types of ‘vascu- 
lar’ lesions (i.e., focal anoxic lesions caused by vascular occlusion or injury) only in the 
follou-ing two respects: (a) the lesions contained calcifications, and (b) the capillary bed 
of the involved areas was not completely destroyed, but merely reduced in density in two 
cases, partly reduced in density and partly distorted by varicose and sinusoidal dilatations 
in one case. Other lesions of a similar degree of gross necrosis and of similarly long stand- 
ing show usually complete or almost complete dcstrnction of the capillary bed. 

2. The incompleteness of interference with blood supply is probably the cause of the 
calcifications in these cases. Without influx of calcium from the streaming blood, calci- 
fication of necrotic tissue cannot take placej since calcifications are formed by the combina- 
tion of blood borne calcium with the phosphoric acid freed by the breakdown of lipoid in 
mwrAvr. tffiswi. Cnwmmnlv , wbnnaver nnnu.g)i calciuiSL is brou^t into tissue undergoing 
lipoid breakdown, calcification will inevitably take place. 

3. The same basic mechanism is probably responsible tor the calcifications in Sturge- 
Weber’s disease, in other hemangiomatous tumors, in oligodendrogliomas, in Geyclin and 
Pcnfield’a endarteritis calcificans cerebri, and in toxoplasmic encephalitis. 

4. The abnormal blood supply of the opileptogenio foci is interpreted ns being of possible 
importance in the elicitation of the epileptic discharges, in the light of the work of Gibbs, 
Lennox and Gibbs (87). 

Summary. It has been, pointed out that ischemia cannot be considered as 
equivalent to anoxia, although the brain lesions in each are similar. Anoxia 
is but one of the many factors ancillary to arrest of the circulation which con- 
tribute to the production of the observed central nervous system lesions. Of 
corresponding importance must be considered lack of all other -substances 
necessary to maintain normal metabolism, as well as the accumulation of normal 
and abnormal metabolic end-products. The characteristics and distribution 
of the lesions may bo determined in part by normal variations in blood supply 
and chemical composition of the several regions of the brain, including dif- 
ferences in concentration of such substances as creatine (Kerr, 15G), ascorbic 
acid (Plant and Billow, 213), potassium (Tupikova and Gerard, 269) and gly- 
cogen (Zagani, 295). These variations would suggest that the susceptibihty 
to anemia or ischemia may differ in the various regions of the brain. This 
postulate has been amply substantiated, and the evidence indicates that the 
so-called ‘higher centers’ arc much more susceptible to lack of oxygen, etc., 
than are the lower centers. Tor example, Gcllhom and Spiesman (84) demon- 
strated in man that reflex nystagmus is unaffected by a degree of anoxia which 
greatly decreases the sensitivity of hearing (Gellhom and Spiesman, 85) and 
of iTsuni intensity discrimination (Gcllhom, 86). Lennox, Gibbs and Gibbs 
(167) reported that subjects of their anoxia oxporimonts were all conscious 
when the venous blood leaving the brain was more than 30 per cent saturated 
with oxygen, but were all unconscious when the oxygen m the blood of the in- 
ternal jugular vein fell below 24 per cent saturation. At the level of anoxia 
at whicli consciousness was lost, the lower centers continued to function, and 
cortical potentials, although greatly reduced in frequency, persisted. This 
concept of a gradient from liigher to lower centers is supported by the obser- 
vations of MacArthur and Jones (179) and Ilimwich and Fazekas (127) that 
there is a dccrc.aso in the metabolic rate ns the neura.xis is de.sccnded from cerebral 
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cortex to spinal cord. A corresponding gradient in the vascularity was sho^vn 
by Craigie (54, 55). 

.Mthough numerous reports since 1836 relative to central nervous system 
lesions subsequent to ischemia have considerably increased our knowledge, 
it was not until recentty that the techniques employed to arrest the circulation 
were completely effective. This must be remembered in any consideration 
of earlier studies. The technical improvements have enabled observer to , 
note that the cell changes are not merely scattered throughout the neuraxia, 
but often are definitely localized in certain areas. The typical cellular abnormal- 
ities are those of swelling, shrinkage, liquefaction, chromatolysis, coagulation 
(the ischemic cell change of Spielmeyer) and vacuolization. The lesions are 
confined to remarkably delimited areas. The neurons react with a constant, 
degree of susceptibility or resistance, sensory cells being markedly more susceptible 
than motor cells and higher centers more than lower centers. The various 
nuclei behave as units in resistance to circulatory arrest, although adjacent 
nuclei may show marked differences in susceptibility. It is to be emphasized 
that cells appearing as an anatomical unit or nucleus may also share specific 
metabolic characteristics. 


2. Acceleration 

'^Tren the path of a plane at high speed is altered, as a result of inertia a 
centrifugal force is exerted on the pilot’s body. This is known as the force of 
acceleration and is most easily expressed in multiples of normal gra%utational 
force of ‘g’. It is determined (Ham, 106) by the equation 

F (aced.) = 

in which V is velocity in feet per second and r is the radius of the turn in feet. 
When the force of acceleration is exerted from the pilot’s head to his feet, it 
is called positive; the reverse is negative. Other types of acceleration exist 
which are dependent upon differences in position of the pilot’s body. 

The effects of acceleration such as that experienced by aviators on the central 
nervous system are being studied by many investigators, but the open literature 
as 3 ’^et contains no reports of observ’^ed brain damage etiologically related to 
this factor. Firestone (77) maintained that Ifigh speeds \wll cause injury to 
the brain from its pressure against the slcull. However, Bauer in discussing 
Firestone’s theory, felt it more likelj*^ that a change in direction at high speed 
(as in banldng a plane, etc.) mrght cause rmconsciousness, and that actual 
brain damage might occur by the brain being sucked down towards the foramen 
magnum. Bauer stated that brain damage has been known to occur, but no 
emdence of this can be found in the literature. 

Fulton and Thomer (80) discussed the possibilities of the production by ac- 
celeration of brain changes or of cerebral anemia, i.e., whether the changes were 
the result of anoxia, of centrifugal changes of the brain, or of some combrnatron 
of anoxia and other centrifugal effects. The recent detailed review of the liter- 
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ature and discussion of tlio effects of centrifugal acceleration by Ham (106) 
presents no further information, relative to nervous system lesions after positive, 
negative, transverse or other types of acceleration. 

It is probable that whatever effects acceleration may exert on the central 
nervous system are the result of temporary cerebral ischemia. That acceleration 
will produce unconsciousness was noted by Erasmus Darwin, who, in 1791, 
mentioned the use by milbwrighta of the rotating mill-stone as a cure for in- 
somnia. 


V. CAnnoN monoxide poisoning 

The lesions described in the brain follmving carbon monoxide poisoning show 
many similarities to those which have been observed in anoxic anoxia, asph3rxia 
and ischemia. Eollowing death from carbon monoxide the brain is hyperemie 
and edematous and usually shows punctate hemorrhages (Mott, 201; Kammy, 
152; etc.). Drinker (67) also called attention to nerve cell damage in the cerebral 
cortex, corpus striatum, dorsal vagal nuclei and other areas of the medulla. 

Recognition of the harmful effects of carbon monoxide dates from the time 
of Erasistratus (ca. 300 B.C.) who assumed that dilution of the air by coal 
vapor was the principle factor, and that the resulting lack of air destroyed the 
tissues. Carbon monoxide poisoning was also discussed by Galen, Avicenna and 
Hoffman (129). Although Claude Bernard (24) appears to have been the 
first to discover tliat carbon monoxide displaces the oxygen in the oxyhemo- 
globin of the blood, it is claimed by Lewin (169) that Troja was the first to 
describe the cherry-red coloring, and that Pierry had called attention to it in 
1826. Iloppe-Seyler also observed this phenomenon at about the same time 
as Bernard. 

The theories held in regard to the pathological action of carbon monoxide 
by investigators up to the middle of the nineteenth century were divided by 
IClebs in 18G5 into two main groups: one holding to the idea of death by suffo- 
cation (oxygen dehciency), the other considering carbon monoxide to be a 
true anesthetic on accoimt of the similarity of many of the symptoms to those 
of an anesthetic such ns opium. Klebs studied the changes in man and animals. 
He made tlie hypothesis that the dilatation of the cranial vessels, especially 
those of the cortex and the large brains, exerts pres.sure on the substance of the 
latter which causes the soporific condition. He thought that the grave nu- 
tritional disturbances caused by oxygen deficiency of the blood possess an 
important significance for tbe after effects and perimps explain some of the 
manifold nervous disturbances that frequently remain beliind after carbon 
monoxide intoxication. Haldane in 1895 stated that carbon monoxide, apart 
from its influence on hemoglobin, is a physioiogically indifferent gas and that 
its poisonous action is entirely due to its power of combining with the liemo- 
globin of the red corpuscles, tims putting them out of action ns oxygon carriers. 

Since that time many investigations have been undertaken to clarify llic 
bioclicmistry, physiology and pathologic anatomy in carbon monoxide poisoning. 
(Ihe discussion here is restricted to tliose reporting nen'ous sj^stem lesions). 
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The opinions regarding the pathogenesis of the cerebral changes in carbon 
monoxide poisoning vary. Jakob (137), Gleister (89), Dreser (quoted by 
Meyer, 66), Mathews (187), and others favor the explanation of the direct 
action of the carbon monoxide itself on the brain tissue. Strecker, Taft and 
Willey (261), Henderson (116), Haldane (103), Beck (23), Walters (276), Haggard 
(102), and Yant, Chomyak, Schrenk, Patty and Sayers (293), etc., feel that 
anoxemia is mainly responsible for the changes in the brain. Sayers and Daven- 
port (230), Hill and Semerak (123), Simon (quoted by Huge, 1922), Photakis 
(211), Sibelius (246), Drinker (67) and others, emphasize the r6Ie played by 
the structural changes in the blood vessels in the development of the brain 
changes. Functional vascular disturbances were regarded as significant by 
Spielmeyer (251), Hiller (124), Grinker (100, 101), Weiman (278), Meyer (193, 
194, 195), Hill and Semerak (123), Sayers and Davenport (230), IHebs (157), and 
others. 

Stewart (257), Gordon, Taylor and Mai'golies (93), Delafield and Prudden 
(59), Grmker (100, 101), Huge (225), Ferraro and'Morrison (75), and Hsu and 
Ch’eng (134), among others, favor the combined influence of anoxemia and 
vascular damage. Novarro and Monakow and Kitabajaschi (200) emphasized 
the importance of the damage of the hematoencephalic barrier, i.e., the choroid 
plexus and the epend 3 mia in the causation of the cerebral changes. 

Many investigators have pointed out specifically that it is the so-called 
“softenings in the lenticular nucleus” that give to the cerebral findings the 
imprint characteristic of carbon monoxide poisoning. The predominance of 
the pathological changes in the globus pallidus is, according to Kolisko (159), 
and Goldstein (90), to be ascribed to the peculiarity of the blood supply of this 
structure. As the blood vessels branch here at right angles, circulatory disturb- 
ances occur readily in the globus pallidus especially because of the abnormal 
impact of the blood current. Eros and Priestman (71) concluded that, "cerebral 
changes in a case of carbon monoxide poisoning are interpreted as resulting 
from vascular disturbances which are first of a functional, and afteiwards of a 
structural nature; these disturbances are Icnown to be accompanied by various 
secondary mesodermal and parenchymatous reactions. The anoxemia is 
probably the initial local vascular factor which ushers in the functional vasospasm; 
the circulatory disturbance resulting from the subsequent vascular damage 
may in turn cause additional anoxemia.” 

Hiller (124), in a summary of the literature on the changes in the central 
nervous system after carbon monoxide poisoning, divided the studies into 
groups: one lays emphasis on the vascular changes as the cause of the definitely 
localized softenings, the other considers the softening as a kind of encephalitis. 
In still other investigations the softenings and thromboses are not referred to 
anj’" vessels. According to Weimann (278), the softening in the pallidum, and 
other cerebral regions (cortex, cornu ammonis, cerebellum) characteristic of 
carbon monoxide poisoning is not the result of direct injury of the nenm tissues 
by carbon monoxide, alteration of vascular walls or thrombetic closure of the 
vessels, but of disturbances of circulation. These are conditioned on a severe 
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functional injury to the cerebral vessels, above all a paralysis of the vaso- 
constrictors, -which leads to a dilatation of the vessels, and an excess of blood 
in the vessels with retardation and stopping of the blood stream, through -which 
the softenings originate as genuine encephalomalacia. 

The most detailed analysis of nervous system lesions resulting from carbon 
monoxide poisoning is that of Yant, Chomyak, Schrenk, Patty, and Sayers 
(293). Their results are most important, especially in relation to the present 
investigation, because of their particular recognition of the differences in cell 
Eusoeptibility. They may be summarized as follows: 

1. The circulatory changes in the dog -were characterized by dilatation, stasis involving 
the entire capillary system, and perivascular hemmorhages. 

2. There is a marked ditference in the susceptibility of the nerve cells to oxygen depriva- 
tion. The cells of the cortex, especially those in the outer granular layer, thalamus, sen- 
sory and correlation centers throughout the brain stem and the visceral efferent nuclei, arc 
the most sensitive. The nucleus ruber, nuclei of the oculomotor, trochlear, abducens, and 
facial nerves, the large polygonal.ehapcd cells in the reticular formation and the anterior 
horn motor cells are the least susceptible in the dog. 

3. The circulatory changes in the rat were limited mostly to the larger perforating cere- 
bral vessels. There was no congestion in the meninges, and the espillarics throughout the 
cortex showed no remarkable changes. 

4. There is a marked difference in the reaction of the nerve cells of the rat as compared 
with those of the dog. The cerebrum of the rot, with the exception of some largo cells in 
the olfactory cortex and large polygonal-shaped cells in the nonolfactory cortex, showed 
no damage. The motor type of cells, which are least suceptible in the dog, are much more 
susceptible to oxygen deprivation in the rat. 

5. There ore two general types of degencroth-e changes in the nerve cells following as- 
phyxia; some become shrunken and stain diffusely ; others show varying degrees of ebroma- 
tolysis. 

0. There is a definite and remarkable difference in the susceptibility of nerve colls in the 
same brain and in the same type of cells in different species, as the dog and rat. 

These general results are similar to those found by Chomyak (47) after 
‘anoxemia’. He, too, points out the differences in cell susceptibility not only 
from animal to animal, but from cell group to cell group within one experimental 
animal or human being. He mentions that, “The nerve colls ha-ving the highest 
metabolic rate and, therefore, the most vtilncrahle and susceptible to the stimu- 
lating action of decreased oxidation are first, the neurons in the supra-granular 
lamina of the association area and later the neurons in the deeper layers of the 
cercbr.a\ cortex-, and then, the Turidnje cchs, thadamus, small cells In the corpus 
striatum, sensory and correkation centers throughout the brain stem and the 
visceral efferent nuclei. The motor cells in the cortex, nucleus niber (magno- 
ccllular), nuclei of the oculomotor, trochlear, abducens and facial nerv-es, tiro 
large polygonal-sh.apcd cells in the reticular formation, and the anterior horn 
motor cells of the spinal cord arc the least vulnerable to oxygen deprivation.” 

Zir^erman (297) is of the opinion that carbon mono.xidc in pure form will 
not give rise to brain lesions which will appear only after exposure to impurities 
(such as benzol, etc.) accompanying this gas. Of rats and rabbits exposed 
to both pure and impure c.arbon monoride to the point of unconsciousness and 
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beyond, only those subjected to the iinpure gas showed brain lesions on exami- 
nation. ^ It is possible that a snnilar problem may arise in the study of the effects 
of anoxia, i.e., brain lesions may be produced not by pure anoxic anoxia alone, 
but by the association with it of other factors. ’ 

VI. ANESTHESIA 

1. Nitrous oxide 

There is abundant evidence that neuropathological lesions resembling those 
caused by anoxia and ischemia result from overdoses of anesthetics and narcotics. 
The investigators studying injury from nitrous oxide find that the severity of 
the pathological lesions in the brain increases with suivival time. The lesions 
are localized and variable in distribution and degree of degeneration. Necrosis 
of the lenticular nucleus and especially of the globus pallidus is almost an 
invariable finding. In many cases the clinical sjnnptomatology may be properly 
related to such lesions. Cases are described in which the brain at autopsy 
shows slight thickening of the arachnoid and flattening of the cortical convo- 
lutions, thinning of the cortex with relative increase of white matter, and bilateral 
subtotal destruction of the globus pallidus. There are usually no definite 
foci of necrosis in the cortex. Nerve cells show a rather advanced degree of 
lipoidal degeneration. Gliosis of the white matter has been described as well 
as chroraatolysis of the Purkinje cells. 

Lowenberg, Waggoner and Zbinden (172) described a case of temporary 
arrest during nitrous oxide anesthesia. The patient remained unconscious 
until death 60 hours later. At autopsy there were scattered petechial hemor- 
rhages throughout the brain. The third, fifth and sixth cortical laminae were 
largely destroyed, and showed only a few degenerated neurons. There were 
also severe changes in the cortical myeloarchitecture. In the caudate nucleus 
and putamen the small neurons suffered severe damage while the large cells 
were better preserved. There was moderate reduction in the number of nerve 
cells in the globus pallidus, thalamus and hypothalamus, while in the midbrain. 
Corpora Luysii, geniculate bodies, red nuclei and central gray matter, moderate 
neuronal degeneration was observed without reduction in cells. The substantia 
nigra and pons were normal. In many areas of the cerebellum the Purkinje 
cells were destroyed, but the granular and molecular layers were intact. The 
nerve cell changes were of two types. Some were shinnken with pyknotic 
nuclei, while others were irregularly shaped or elongated with pale, homogeneous 
or slightly granular cytoplasm and deeply stained nuclei, designated as ischemic 
in type. There was a moderate glial response, the oligodendroglia being swollen 
and increased in nmnber in the white matter. In further cases (Lowenberg, 
Waggoner and Zbinden, 172; Low^enberg and Zbinden, 173) of death after 
nitrous oxide administration duiing which respiration ceased for short periods 
of time, similar lesions were found. That these lesions were not due solely to 
cessation of respiration is evidenced by the fact that the picture of Nis-sl's severe 
degeneration was also obserr^ed (Low'enberg and Zbinden, 173) in the central 
nervous s 3 ^stem following nitrous oxide death without intercurrent respiratory 
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failure. Loweuberg, Waggoner and Zbinden (172) note that neuropathological 
changes are to be expected only in patients surviving at least 24-36 hours after 
the anesthesia. However, Lowenberg and Zbinden (173) observed severe nerve 
cell degeneration in cases of post-anesthetic death as early as one hour and a 
quarter after administration. 

In patients dying from nitrous oxide anesthesia, Courvillo (61) described 
zones of necrosis in the frontal and parietal regions of the cortex, with most 
profound involvement of the deeper layers. Grossly there was injection of 
pial and cortical vessels rvith some thickening of the arachnoid. Individual 
cells of the cortex were degenerated and there were areas of patchy necrosis or 
devastation such as described by Gildea and Cobb (88). Some nerve cells 
showed the sclerotic changes described by Spielmeyer and correspond with the 
shrunken homogeneous cells of Gildea and Cobb. The cell bodies were deeply 
stained and pyknotic, with large pericellular spaces and shnmken nuclei. The 
dendrites tended to be twisted and corlcscrew-shaped, with varicosities. Silver 
preparations showed fragmentation and disintegration of the neuro6brillae. 
The author is uncertain as to whether tliis typo of cell change indicates irrevers- 
ible damage. The severe cell disease of Nissl and Spielmeyer, comparable to 
the swollen cell change of Gildea and Cobb (as well as of Grenell) was also ob- 
served. Some cell bodies were swollen and poorly stained with darkly stained, 
shrunken, elongated and often eccentric nuclei (ischemic cell changes of Spiel- 
meyer). Occasional pigmentary atrophy or calcification of cells was also ob- 
served. In the lenticular nucleus there was diffuse softening of the gray matter 
and necrosis, and for the most part the cell changes were identical rvith those 
in the cortex. The Purkinje cells were duunken, darkly stained and homogeneous 
and there were many ghost cells. In some cases the cytoplasm was more or less 
devoid of tigroid substance, and at times vacuolated. The nuclei were oc- 
casionally displaced or partially disintegrated. Nerve cells of the nuclei of the 
brain-stem appeared to be quite resistant. Neiwe-fibers in areas of cortieal 
necrosis showed varicosities, vacuole formation and sometimes broad, leaf-like 
expansions or bulbs. There were very active changes in the microglia, and 
acute swelling and proliferation of the oligodcndroglia ns well as proliferation 
and regression of astrocytes. In necrotic areas the neuroglia tended to regress 
acutely along with the other cclUdar elements. The perivascular spaces were 
enlarged and in some instances contained fatty deposits. Courvillo (52) ob- 
served lesions in the globus pallidus in cases with long survival periods. He 
concluded that nitrous oxide acts chiefly by reducing the amount of oxygon in 
the blood as well as by producing stagnation of the circulation (cardio-rcspiratoiy 
failure). The areas of focal necrosis were ascribed to local vasodilatation and 
stagnation. 

Abbott and Coutadllc (1) pointed out that in patients sundving only a day 
or two after nitrous oxide poisoning, only small groups degenerated, whereas 
with longer mnadval times, histologic changes were more marked, occurring in 
the form of isolated or fused foci of necrosis, or destniction of cortical laminae. 
Necrosis of the lenticular nucleus, particularly the globus pallidus, was almost 
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always, observed. Patients show a symptomatology resembling progressive 
lenticular degeneration, or Parkinsonism. 

Courville, in his monograph on the untoward effects of nitrous oxide anesthesia 
(52), has described its clinical and pathological manifestations in great detail. 
He concluded that the cerebral lesions after nitrous oxide poisoning are asphyxia! 
and not toxic in nature, and that they are similar to those produced either by 
temporary ligature of the vertebral and carotid arteries, or by exposure to the 
action of asphyxiant gases, or by reduction of the oxygen content of the inspired 
air. Histologically, it was found that the cerebral cortex is not uniformly or 
symmetrically involved. He is of the opinion that the degree and duration of 
the anoxemia determine the severity of the lesion. The cortical lesions are classi- 
fied as to degree and probably in order of their development, as sclerosis of scat- 
tered pyramidal nerve cells, patchy necrosis, laminar cortical degeneration and, 
finally, subtotal degeneration of certain limited cortical areas. The earliest 
lesions occur about the pericellular and pericapillary spaces, suggesting that 
necrosis is a result of disturbance of respiratory exchange between the tissue 
fluids and the cellular elements. The astrocytes •within the areas of focal ne- 
crosis become degenerated, while those at the margins of these areas areprolif- 
erated to form "with the new blood vessels, a typical astro-vascular scar. All 
stages of microglial actmty leading to the formation of compound granular 
corpuscles may be seen in the necrotic areas. 

In a case survi-ring 16 months following nitrous 'oxide anesthesia, showing 
severe neurological symptoms throughout this period, similar severe degenerative 
changes in the central nervous system, including symmetrical, bilateral degener- 
ation of the corpus striatum, were reported by O'Brien and Steegman (209). 
Steegman (255) reported the case of a young adult male dying 12 days after 
nitrous oxide-oxygen anesthetic, in which there was pseudo-laminar degenera- 
tion with loss of ganglion cells and glial proliferation in the cerebral cortex, with 
comparable changes in the basal ganglia. 

2. Other anesthetics 

Pathological lesions similar to those seen in nitrous oxide poisoning have been 
observed by Steegman (255) in the central nervous system of patients dymg 
follo'^ring administration of avertin in amylene hydrate and cyclopropane. 
The author calls attention to the strildng similarity of these lesions to those of 
kno'sv'n ischemic or anoxic origin. It •was noted that the longer the survival time, 
the more discrete "was the localization of the lesions. 

In an experimental study of the pathological effects of hypnotic drugs on the 
central neivous system of cats and monkeys, Mott, Woodhouse and Pick'W'oith 
(202), found that large and repeated doses of sulphonal, trional, veronal, dial, 
luminal, soneryl and urethane produced chromatolysis and some nuclear and 
cvtoplasmic changes in the Purkinje cells as well as in cells of the medulla, pons 

and spinal cord. _ . . j . 

The patholo^cal changes produced by medinal have been investigated ex- 
perimentally by H. Hoff and O. Kanders (128) in dogs. These workers found 
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that repeated daily injections of the drug produced severe ganglion cell chanps 
in the inferior olivarj' nuclei, characterized by chromatolysis and vacuolation 
and atrophy of the cytoplasm. The fiber tracts were found to be intact. No 
degenerative changes Avere found in the cerebral cortex or in the Purkinje cells 
of the cerebellum. Nakamura (205) has also reported ganglion cell changes in 
experimental medinal poisoning. In cases of suicidal medinal poisoning, Hartman 
(108, 109) demonstrated marked pericellular edema with granular degeneration 
of the Nissl substance. 

In six dogs given sodium diethyl barbituric acid for three and one half years, 
Seevers and Tatum (245) observed chromatolysis, shrinkage and homogenization 
of cells throughout the cerebral cortex, basal ganglia and thalamus. Marked 
proliferation of the oligodendroglia and diffuse increase in microglia were noted. 
The authors call attention to the opinion expressed in the literature that the 
neuropathological lesions produced by the barbiturates are secondary to vascular 
changes, hut they also believe that these drugs may be directly injurious to nerve 
cells. 

That overdoses of barhital and soluble barbital result in acute changes in 
the central nervous system has been demonstrated by Hassin (111) in three 
human cases. The principle changes noted were aseptic menigitis with dila- 
tation of the subarachnoid space, parenchymal edema and diffuse changes in 
the ganglion cells, consisting of swelling, occasional chromatolysis and neuron- 
ophagia. 

Symmetrical necrosis of the globus pallidus has been reported in barbiturate 
poisoning by Gonzales, Vance and Helpem (92) and DeGroat (58). 

Dogs poisoned nith amytal (Hartman, 109) showed brain changes similar to 
those reported by Nakamura (205), namely marked vacuolation and degeneration 
of nerve colls with clumping of the Nissl substance. 

Gebauer and Coleman (83) reported a clinical case of delayed death after 
cyclopropane anesthesia in which the brain changes were nearly identical with 
those following nitrous oxide poisoning. 

I Schnedorf, Lorhan and Orr (239) have reviewed the literature and discussed 
problems relative to the ano.xic effects of anesthetics. A bibliography together 
uith a discussion of the effects of luttous oxide anesthesia may be found in Batten 
and Courville's paper which appeared in 1940. 

VII. inrroGLYcn.MiA 

It is quite evident from the foregoing summary of tlie literature that anoxic 
anoxia, asphyxia and anemic anoxia as well as carbon monoxide and anesthetics 
may produce gmve organic changes in the cells of the central nervous system 
nithin a relatively short time. Sugar and Gerard have emphasized that while 
the lesions following abrupt ischemia are primarily due to ano.xia, other im- 
portant factors may contribute. Among these, hypoglycemia plays a significant 
r6Ie. 

The literature on the subject of cerebral damage in hypoglycemia has been 
reviewed in great detail by IVeil, Liebcrt and Heilbrunn (277), A. B. Baker (18, 
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19, 20) and by Lawrence, Meyer and Nevin (163). The structural changes 
observed are similar in both chnical and experimental material whether due 
to insulin shock, hypoglycemia secondary to neoplasm or functional over- 
activity of the islands of Langerhans, insulin shock thqrapy, or experimental 
hypoglycemia in animals. A large number of investigators have demonstrated 
conclusively that lesions of the central nervmus sj’’stem result from hypoglycemia 
produced in these various ways (Ehrmann and Jakoby, 70; Campbell and 
Macleod, 43; Pemberton, 210; Heimann-Trosien and Hirsch-Kauffmann, 114; 
Wilder el al, 280; Dahl, 57; Joslin, 140; Woldwill 290; Howland el al, 131; 
Schereschewsky et al, 234; McCIenahan and Morris, 178 ; Anderson, 10; Membrez 
and Hazdoljsky, 191; Smith and Seibel, 248; Best et al, 26; Stief and Tokay, 
258, 259; Terbruggen, 266; Terplan, 267; Bodechtel, 29; Wolietal, 291; Grayzel, 
95; Schleussing and Schumacher, 236; Blau et al, 28; de Morsier and Mozer, 
199; Schmid, 237, 238; Tani, 263; Baker and Lufkin, 17; Leppien and Peters, 
168; Salm, 228; Lemke, 166; Lindsay el al, 170; Nicolajev, 207; Accornero, 2; 
Baker, 18, 19, 20; Cammermeyer, 39, 40; de Morsier and Bersot, 198; D6ring, '65; 
Freed and Wofford, 79; Kastein, 153, 154; Kobler, 158; Malamud and Grosh 
182; Moersch and Kernohan, 197; Scheller and Stroebe, 233; Weil et al, 277; 
Appel,' Alpers, Hastings, and Hughes, 14; Ferraro and Jervis, 74; Hassin, 111; 
Jjayne and Baker, 164; MacKeith and Meyer, 180; Sahs and Alexander, 226; 
Tannenberg, 264; Jansen and Waaler, 138; Winkelman and Moore, 287 ; Lawrence 
et al, 163). These lesions consist of gross vascular changes, hemorrhage and 
softening in the meninges and the brain. There are Mdespread areas of necrosis 
of the cerebral cortex and other gray centers. These necrotic areas may become 
continuous in the cortex, but characteristically end more or less abruptly. 
(This sharp delineation between degenerated and relatively normal areas of 
tissue has also been observed after temporary complete arrest of the cerebral 
circulation; Kabat and Grenell, 146). The necrosis observed in hypoglycemia 
is characterized by degeneration and destruction of nerve cells and by varying 
degrees of microglial, macroglial and mesenchrymaL proliferation. In some 
cases, the lesions are so widespread that few normal cells arc to be found. The 
upper laminae of the cortex are usually described as being more markedly affected 
than the deeper layers, although all cortical layers may be involved and in some 
instances there has been some predilection for laminae III and V. Cell changes 
were often observed in the Sommer’s sector of Ammon’s horn and the Purkinje 
cells of the cerebellum. Several workers have reported marked susceptibility 
of the small neurons in the putamen and caudate nucleus, with less severe changes 
in the large cells of these centers and the globus pallidus. The most common 
nerve cell changes described Avere Nissl’s severe cell change and homogenizing 
and ischemic degeneration, as Avell as simple chromatolysis, Nissl’s acute sAvelling 
and sclerosis. Swelling of the axis-cylindei'S and perivascular round-cell in- 
filtration have also been reported. 

Defective oxygenation of brain tissue has been generally regarded as the 
principal cause of the necrosis in hypoglycemia, and while the majority of the 
investigators consider this to arise from vasomotor disturbances such as vaso- 
constriction or vascular stasis, others have indicated intracellular anoxia or 
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nutritive deficiency as the underlying etiologic factor. The possibility that 
endothelial proliferation may bo instrumental in producing the ischemic changes 
has been discussed by Meyer (195), MacKeith and Meyer (180), Weil, Liebert 
and Heilbrunn (277) and Ferraro and Jervis (74). Kastein (153, 154) arid 
Leppien and Peters (108) ascribed a direct to.ric effect to the action of insulin 
itself upon the neurons. Other workers have discounted the vascular theop- 
altogether. AVohlvdll, for example, regarded alkalosis and disturbances in 
water metabolism as the cause of the widespread nerve cell changes in his cases. 
Hassin and others have emphasized the importance of edema. Schmid in a 
discussion of the reversibility of the nerve cell changes suggested that the lesions 
were a result of excessive output of adrenalin in response to insulin injection. 

Stief and Tokay (258, 259), Grayzcl (95) and Tani (263) believed that no 
significant brain changes resulted unless convulsions had occurred, while Weil, 
Liebert and Heilbrunn (277) found no parallelism between the frequency of con- 
\'ulsions and the severity of brain lesions. However, they saw severe changes 
more frequently in animals receiving higher doses of insulin. Larvrence el al. 
(163) relate the changes which they obserr'ed with the duration of hypoglycemic 
coma. In epilepsy, where cortical necrosis is said to arise on a vascular basis, 
in status epilepticus (Scholz, 240) and in pertussis eclampsia (Busier and Spatz, 
135), destruction of nerve-cells and homogenizing changes have been observed 
which are identical Mth those found in hypoglycemia, although usually less 
widespread. 

The changes described by Bodechtel (29) in a man dying 14 hours after an 
operative procedure during wliich the heart was arrested for ten minutes, and 
in which continuous artificial respiration was given, were identical with severe 
hypoglycemic changes. The degenerative changes described in one of the cases 
of Lawrence el al., were similar to those noted by Gamper and Stiefier (81) 
in strangulation. The pathological changes in hypoglycemia have also been 
found to be similar to lesions produced by anoxic poisons such as carbon monoxide' 
and cyanide as well ns by ether. Lawrence el al. conclude that the hypoglycemic 
mechanism cannot properly bo described as anoxia, since this latter term should 
be reserved for the failure of tissues to receive an adequate oxygen supply and 
should not apply to the absence of an oxidizable substrate. 

It is of interest that similar lesions have been described after the use of insulin 
and cardiazol in the treatment of dementia precox (the literature related to this 
problem has been smnmarizcd by Cammermeyer, 40). 

DISCUSSION 

It has been pointed out that the brain changes produced by anoxia (to some 
degree), hypoglycemia, CO poisoning, anesthetics, circulatorj- arrest, etc., are 
rcmariuibly alike. This similarity may be due to one or both of two factors. 
Either all the.so physiologically abnormal states produce the observed reactions 
by means of a common mechanism, or the brain neurons inevitably respond 
to various disturbances of their “milieu interne” in the same way, — perhaps 
following a gradient. 

The poasiblo “common mechanism” is, apparently, a complex one, composed^,., 



204 


B. C. HOFF, E. G, GEBNELL AND J. F, FULTON 


of both Structural, i.e. vascular, and functional or metabolic factors. Many 
investigators have considered the selective vulnerability a consequence if not 
a proof of the presence of end-arteries. Seharrer’s study of the opossum (231, 
232) has disproved this theory. Despite the presence of end-arteries throughout 
the entire opossum brain, localized specificity of neuronal injury was still ap- 
parent after CO poisoning. However, a vascular factor may still be of conse- 
quence as a result of the difference, in various areas of the brain, in the number 
of capillaries as well as in the pattern of the capillary bed, or as a consequence 
of changes in the Walls of the vessels. Nilges (208) in a study of the arteries 
of the mammalian cornu ammonis, observed a type of vascular distribution 
characteristic of that region and especially of Sommer’s sector. That this 
latter region shows a high degree of susceptibility to injury, is well known. 
ISTilges concludes that the rake-like pattern of the arterial branches to this re^on 
(in contrast to the more common dichotomous arrangement) may be an anatomic 
basis for its specificity of reaction. 

The metabolic factors involved are much more complex, being in all probability 
the products of combined abnormalities of cellular metabolic rate (f.e. of the 
carbohydrate metabolism — cellular oxidative processes), as well as of the mecha- 
nism of anaerobic glycolysis, and other reactions of a physicochemical nature. 
The existence of these factors is made clear by experiments such as those of 
Howe and Bodian (132) in which poliomyelitis virus, even when injected directly 
into such regions as cortical area 17 or the lateral geniculate body, would not 
attack optic centers, although other cell groups, for which the virus had a specific 
affinity, would be destro 3 ^ed. 

Much of the evidence also supports th*e assumption of the presence of a gradient 
of reaction. Results of experimental cerebral ischemia make the gradient concept 
almost rmdeniable, but it cannot be traced too far without danger of inaccuracy, 
in the present state of our knowledge. 

Obviously anoxia cannot be considered the only factor, or in some instances 
even the major factor, in the genesis of neuronal pathology in the conditions 
which have been discussed here. In many cases great difficulty has been en- 
countered in attempting to produce a typical pathological picture in the central 
nervous system as a result of acute anoxia alone. Convincing clinical as well 
as experimental evidence points to the significant r61e played by a large group 
of morphological factors and ph 3 ’'siological mechanisms acting singly or en masse. 
A major task for futiue investigators must be the clarification of the r61e of 
each of these factors as well as of their combined action. 
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TICK PARALYSIS: A CRITICAL RE\TE\V , 

LIEUTENANT COMMANDER JOHN B. STANBURY, (MC) USNR and 
LIEUTENANT JAMES H. HUYCK, (MC) USNR 

INTRODUCTION 

Prom time to time during the past fifty years and from \ridely scattered areas 
of the world there have been reported instances of a disease occurring in man 
and animals associated with the corporeal attachment of certain species of 
Ixodid ticks. This disease has been characterized by flaccid paralysis of the 
extremities and not infrequently by progression to death. It has been observed 
only sporadically in man, but at times has constituted a serious economic prob- 
lem to sheep herders in this country and in South Africa. It has apparently 
been entirely distinct from the more commonly obsenxd tick-borne rickettsioses 
and piroplasmoses. The purpose of this review is to define this disease as clearly 
as possible as a clinical entity, to evaluate the erddence bearing on its etiology 
and pathogenesis, and to point out possible future lines of investigation. It 
might bo mentioned at the outset that few human cases have been reported 
in detail and that speculations about its cause have been divergent and fre- 
quently based on inadequate experimental evidence. 

HISTORICAL 

Under the date of December 9, 1824, William Hovell (1), who had been 
journcjdng wth his friend Hume from Lake George to Port Phillip in the Aus- 
tralian bush, recorded that there existed in that area a “small insect called the 
tick, which buries itself in the flesh, and would in the end destroy cither man 
or beast if not remov'ed in time,” but he recorded nothing more to indicate the 
manner in which this destruction might bo accomplished. Some years later, 
in 1843, Backhouse (2) in A Narrative of a Visit to the Australian Colonies, 
referring to the neighborhood of Shoal Haven, a point about seventy-five mites 
south of where Sidney now stands, stated: “Among the enemies [of sheep] 
in these rich coast lauds is the ‘Wattle tick,’ a hard flat insect, of a dark color, 
almost the tenth of an inch in diameter, and nearly circular in the body; it 
insinuates itself beneath the skin, and destroys, not only the sheep, but some- 
times foals and calves. Paralysis of the hind quarters often precedes death in 
these cases.” 

In 1884 Bancroft (3) in Queensland described weakness of the hind legs of 
dogs and cats occurring two or three days after the attachment of ticks. Death 
of the animal followed, except occasionally when the tick was removed. Ban- 
croft OTites that “death appears to reside in the salivary secretions, as it does 

in sand flies ” A decade later, Anderson-Stewart (4) in an anniversarj- 

address given before the Royal Society of New South AVales described wcalaiass, 
convulsioas, constipation, incontinence, and re.spiratory failure in dogs infested 
with ticks. He had collected a hundred such cases from correspondence with 
colleagues. It is clear that he was not aware of the occurrence of a similar 
clinical syndrome in man. 
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description of tick paralysis is that of Malley in 1904 
{5} from South Africa. For years the fanners of the Eastern Province of the 
Uape Colony had recognized paralysis in their sheep and its causal relation 
to a tick bite. The sheep would be found lying in the veld after the first frost 
m May to mid July. It was vddely appreciated that removal of the ticks shortly 
after the sheep became ill would usuaUy result in disappearance of symptoms 
and return to normal vnthin a few hours. A year later Borthwick (6) described 
the same condition as it occurred in the Fish River Rand of the Cape Colony. 
It was attributed locally to Ixodes pilosus. Often these ticks were found on 
sheep which were not paralyzed, but they were invariably found on those that 
were. The sheep were frequently killed by jackals, but if not many of them 
recovered spontaneously udthin 48 hours. Borthwick tried unsuccessfully to 
induce the disease in sheep by inoculating normal animals with the blood of sheep 
which had become ill. Several sheep were autopsied, but no gross lesions were 
found. 

In two comprehensive monographs on the relation of ticks to disease, one in 
1899 (7) and the other in 1908 (8), G. H. F. Nuttall failed to mention tick 
paralysis. 

The occurrence of the disease in man in North America was not recognized 
until 1912. In that year Todd (9) published a note on a survey he had con- 
ducted in an effort to determine whether a disease similar -to Rocky Mountain 
spotted fever ocemred in southern British Columbia. Two of the patients 
described in the answers to his questionnaire had paralytic symptoms associated 
with tick-bite. Todd (10) extended the scope of his survey and requested in- 
formation from 210 phj''sicians, seven of whom mentioned cases which appeared 
to have been tick paralysis. Todd (11) credits Temple with observing the first 
cases in the United States. Temple (12) described three personally observed 
cases, one he had diagnosed over the telephone, and several about which col- 
leagues had consulted him. His earliest case occurred in 1898. At about the 
same time that Todd and Temple -were publishing their papers Cleland (13) 
in Australia described a patient who probably had tick paralysis. This pa- 
tient was a young female, age -13 months, who died with complete motor paraly- 
sis and respiratory failure. A tick was removed from the scalp behind her left 
ear shortly before death. Since these early papers, numerous case reports have 
appeared from North America and Australia, and claims have been made for 
cases in France and the Mediterranean area. There ate certain constant dif- 
ferences between the American and Australian descriptions, as -ftlll be noted 
later, but in general they are similar. 

Shortly after the disease was described and the importance of the tick demon- 
strated, attempts were made to produce it experimentally in animals. Earlier, 
Sabbatini (14) while working on the anticoagulating factor in the salivary secre- 
tions of Ixodes ricinus had obserr^ed paralysis in experimental animals followmg 
intravenous injections of the emulsified ticks. Hadwen in 1913 (15) found that 
he was able to induce paralj^sis easily by aUowing Dermacentor andersoniadnit 
females to attach themselves to young sheep. Indeed, he reported that m 
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numerous trials he had no failures, but he found guinea pigs refractory. In 
the same year Hadwen and Nuttall (16) in Cambridge, England, produced 
paralysis in the dog with ticks imported from British Columbia. They ob- 
tained no effect, however, on a jackal and a horse. Since these early trials 
numerous investigators in various parts of the world have worked on the prob- 
lem with more or less success. Although it seems established beyond doubt 
that in sheep and dogs and possibly other animals, a condition very similar to 
tick paralysis in man can be produced by allowing certain species of ticks to 
feed on the subject animal, the mechftnism by which this effect is produced is 
still far from established. 


THE DISEASE IN MAN 

Tick Paralysis in man has been reported from most of the north-western 
United States and from Georgia, South Carolina, and Long Island. It has been 
reported from British Columbia, eastern Australia, and possibly from Crete 
and Somalia. 

In America: There are scarcely more than half a dozen complete and thor- 
ough case reports of the disease in the United States. These are briefly ab- 
stracted below. 

Case 1: Barnett (18). The patient, a six year old female from Kingston, Idaho, was 
first scon on June 8, 1036. On the previous day she had complained of itching and burning 
of her fingers and toes, but seemed othens'ise well, and spent a quiet night. On awakening 
the following morning and attempting to put on her slippers she complained of pain in 
her legs and found when she attempted to stand that she was quite weak. When e.xamincd 
there wa.s pain to passive movements of the hands and feet. She walked with a broad base. 
There was a slow nystagmus to both right and left, but the pupils and fundi were normal. 
The cranial nerves wore normal. Biceps and triceps reflexes were absent. Hoffman’s 
sign was not present. The grip was diminished about 60%. There was weakness of the 
trunk muscles. The abdominal reflexes, knee and ankle jerks were absent. There was 
ataxia of all extremities, most marked in both logs. Sensation seemed unimpaired through* 
out. A large tick, about one and one and a half centimeters in size, was removed from the 
scalp but was not positively identified. Within 24 liours after the removal of the tick the 
patient wa.*? entirely well, and was discharged at the end of 4S hours. There was no residual 
paralysis. 

This patient gave a history of more sensorj'^ involvement than is common. 
It i.s to be regretted that laboratorj' data were not obtained. In all probability 
the offending tick was D. andersoni, since tins js the common tick of this area 
and the one which has been most often implicated. 

Case 2; Gibbes (19). Thi'j patient, a married female of unstated ago from Columbia, 
South Carolina, wa.s taken ill in June, 193S, four diij-a after inspecting some pigs. Her 
illness was announced by paraesthesias of the lower extremities and was quickly followed 
by weakness of the.se c.xtrcmitics. Twenty-four hours later she wa-s unable to w.alk nnd in 
addition noted paraestbesias and weakness of her arms and hands. Her temperaturo on 
admission was 100°F. Plij-slc.-U examination demonstrated weakness of the legs, with ab- 
sent knee, anklo, and abdomiiml rclloxcs. Her gait was ataxic. Babinsld’s sign was not 
present. The reflexes in the upper e.xtremitics were entirely normal. Symptoms slowly 
progressed for eight days, during which time she lost the rcOeses in her arms. Her speech 
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engorged tick was discovered 

on the right occipital region and removed. This was identified as a "wood tick." Since 
the_ wood ^ck , D. andersoni, does not exist in South Carolina, this was probably D 
vanabibs. The patient was entirely well forty-eight hours following removal of the tick' 


The duration of Ulness is noteworthy here. Usually the disease has run its 
course in seventy-two hours. It is possible that this patient’s age (she isre- 
corded as bemg married) accounted for the duration of her illness. The almost 
immediate recovery folloiving removal of the tick is characteristic. 


Case 3: Robenow and Carroll (20). A 9 year old white female became ill on June 12, 
1938, with weakness of her extremities and pain in her left thigh. When first seen seven 
days later she was found to have sustained a painless burn on her wrrist. Upon admission 
she was acutely ill and had a temperature of 100 .6°F. There was a flaccid paralysis of both 
legs with absent tendon reflexes. The arms showed weakness and asynergia, but biceps 
and triceps reflexes were present. Her speech was thick, but she had no dysphagia. The 
eyes showed a marked lateral and vertical nystagmus; pupillary responses were normal. 
The Romberg sign was present. A spinal fluid examination showed an initial pressure of 
130 mm. of water. The fluid contained three cells per cu. mm. A Tandy test was negative 
and the protein content w'as SO mg. per cent. Colloidal gold test, spinal fluid Wassermann, 
and culture were all negative. Red, white, and differential counts on the blood were nor- 
mal. Wassermann, tuberculin, and Schick tests were negative. Shortly after admission 
two ticks were found attached on the scalp below the parietal region. These were removed 
and within a few hours marked improvement in muscle strength was apparent. Five days 
later a third female tick was found and removed, but the patient appeared nearly normal 
at this time. The three ticks were identified as D. variabilis; two were females, one of which 
was engorged. 


Here again the relatively long period of illness and sensory changes are un- 
usual. 


Case 4: Amesse and Lyday (21). The patient, a 4 year old female was admitted to the 
Children’s Hospital in Denver, Colorado, on June 12, 1939. Twelve days previously she 
had picnicked in the Paudre Canyon. Three days before admission she found that she 
was unable to walk when she attempted to get out of bed in the morning, but in about 
two hours she had recovered functional control of her legs, and continued to play for the 
rest of the day. The following morning she was again unable to use her legs, but otherwise 
was perfectly well. The day before admission she lost control of her arms and appeared 
drowsy. Early on the morning of admission she choked when attempting to swallow water. 
Later that day her respirations became labored. When first seen her temperature was 
99.6°F., pulse 104, and respirations 19. Respiratory movements were jerky, shallow, ir- 
regular, and abdominal in type. There wms a complete flaccid paralysis of both legs. Her 
fingers could be flexed and the right forearm could be moved slightly. Squeezing power 
in both hands was markedly diminished. All tendon reflexes and abdominal reflexes were 
absent. The sensory system was intact. A large tick, D. andersoni, well engorged and 
firmly attached, was found on the right occipital region, and there was some enlargement o 
the posterior cervical nodes on that side. Spinal fluid examination showed a sugar ot Jo 
mg per cent, 1 cell per cubic millimeter, and a total protein of 25 mg. per cent. The wmt 
blood count was 17,400, but this was normal on the following day. The urine was norma^ 
The tick was removed and the patient was placed in a Drinker respirator, three i 
after removal of the tick she was able to move her thigh, and on the second hospital uay 
respiration was regular and movement of arms and legs was normal, dysphagia pcrsisi 
for 28 hours followdng removal of the tick. Four days after admission she was able to v a 
with difficulty and seemed entirely recovered nine daj'S after. 



TICK PAKAIiYSIS; CRITICAL REVIEW 


223 


Case B: Beach and Ravcnel (22). A four year old white fem^e was admitted June 12, 
1941 to the Roper General Hospital in Charleston, South Carolina. The morning before 
admission she complained of malaise, weatncss, and staggered when she walked. After an 
hour her symptoms disappeared, and she continued to feel well for the rest of the day. 
The morning of admission she complained of headache and wetikness of her lower extrem- 
ities and was sent to the hospital with a diagnosis of poliomyelitis. On admission her tem- 
perature was 99.8°F., pulse 124, and respirations 28. Blood pressure was 100/40. She was 
a poorly developed and poorly nourished child who walked with a staggering gait. The 
patellar reflexes were hj'poactive and the ankle jerlrs absent. The spinal fluid examination 
showed no cells, a total protein of 55 mg. per cent, a sugar of 46 mg. per cent, chloride of 
740 mg. per cent, and a negative colloidal gold, culture, and Wassermann. Red, white, 
and differential counts on the blood were normal. Blood determinations of urea, sugar, 
chloride, calcium, phosphorus, protein, albumin-globulin ratio, and agglutinations against 
Brucella, typhoid, paratyphoid and Proteus X19 were all normal. On the patient's second 
hospital day a partially engorged female D. variahilis was removed from her scalp. At 
the end of twelve days only slight ataxia remained, which disappeared within two weeks. 

Case G: He Sanctis and Saint 'Agnese (23). This three ymar old female from Hunting- 
ton, Long Island, first appeared for examination on July 30, 1942, because of fatigue and 
inability to stand. Symptoms began forty-eight hours before admission, but disapnenred 
24 hours later, and then recurred and progressed until admission. "When first seen she did 
not appear acutely ill and had a rectal temperature of 9S,6®F. Neurological examination 
revealed an ataxic gait, a Romberg sign, normal abdominal reflexes, absent tendon jerks 
in all extremities, and a doubtful Babinski sign on the right. The spinal fluid showed 
10 lymphocytes per cubic millimeter, 4S.1 mg. per cent protein, 64 mg. per cent sugar, and 
a negative smear and culture. Blood count, urine, and sedimentation rate were normal. 
A partially engorged gravid D. rorialiiis was discovered on the occiput the seventh day 
after admission. During hospitalization, and before discovery of the tiek, paralytic signs 
varied slightly from day to day, but recovery was complete within forty-eight hours after 
removal of the tick. This patient pursued a benign course. Do Sanctis and Saint 'Agnese 
thought that this might be due to a difference between D. andereoni and D. variabilis. 
Case 2 above, which also pursued a relatively benign course, was probably associated with 
D. variahilis. 

From these case reports and from the fairly numerous brief reports it is pos- 
sible to give what is probably a reasonably accurate clinical picture of the dis- 
ease. The patient, usually a young female whose long hair conceals a tick, is 
perfectly well before retiring the evening prior to onset of symptoms but notices 
upon arising the following morning that her legs arc weak. Locomotion is 
possible at this stage, and temporary’ recovery or progression of the disease may 
occur from tliis point. With the loss of locomotion, there is a rapid progression 
of ascending paralysis during the ne.xt twenty-four to forty-eight hours to a point 
at which the patient is unable to move either arms or legs and lies quite help- 
lessly in hed. Sphincter function may or may not be retained. Except for 
possible apprehension the patient appears quite well. There may bo vertigo 
or numbness and paraesthesias of the extremities. Rarely docs the temperature 
exceed 100°F. until the terminal stage. Vomiting is occasionally observed. 
StifTness of the extremities, restlessness, fatigue, aching legs, and photophobia 
may bo complained of. The beginning of respiratory’ distress may occur quite 
CTuldcnly and unexpectedly; when it does it usually leads to a fatal termination. 
Death may be preceded by convulsions. The mechanism of death is respiratory’ 
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paralysis.^ Ascending paralysis mth bulbar involvement followed by death 
characterizes the typical course of the disease unless the tick is found and re- 
moved. Indeed, no case is reported where the patient recovered and a tick was 
found after recovery. Usually, if the tick is removed there is noteworthy 
nnprovement vdthin a few hours. If breathing has been labored it becomes 
free, and muscular power returns. At times ability to walk is regained in a 
matter of twelve hours, and almost always within two days. Complete re- 
cover}'- within a week is the rule. In this country, unless the tick was found 
when the patient was in extremis, recovery has been invariable. There are 
almost no reports of permanent disability, although Mail and Gregson ( 17 ) 
reported one suggestive case with permanent weakness of the facial muscles and 
arms. The authors did not see the patient at the time of her original illness 
twelve years before, but pointed out that this might have been the result of an 
old poliomyelitis. 

Objective findings throughout the illness are relatively few. The pulse and 
respirations are not elevated until bulbar signs supervene. The patient’s 
appearance is usually quite normal except for apprehensiveness, although mental 
cloudiness or stupor may be present. The strildng feature of this disease is 
' ascending paralysis. Reflexes are diminished or absent. There may be ap- 
parent asynergia and dysmetria, doubtless the result of weakness rather than 
of cerebellar involvement. The onset of bulbar involvement is suggested by 
labored breatloing, dysarthria and dysphagia. Paralysis of the e.xtraocular 
muscles may occur. The pupil usually reacts normally to light and on accomo- 
dation, but may be somewhat dilated and fixed, particularly if respiratory dis- 
tress progresses. If recovery occurs it is marked by gradual regression of the 
signs mentioned above and return of normal reflexes within forty-eight hours. 
Sensory changes are rare. One patient is reported to have burned himself 
imwittingly early in the paralytic stage of his ilhiess. The special senses are 
not involved, although occasionally vertigo is mentioned. With cranial nerve 
involvement diplopia is common. 

In addition to the six case reports already given many others have been re- 
ported more briefly. Todd (10) collected 11 cases from 7 physicians TOth whom 
he corresponded. All of these patients were children, the majority females, and 
all occurred in southern British Columbia. Five of the 11 patients died, three 
in convulsions. Most of Todd’s correspondents reported that among those 
patients who did not die recovery was complete within 36 hours. In fatal cases 
the tick was invariably present on the head or neck at the time of death. M- 
though precise entomological classification was not reported, the offending 
tick was probably D. andersom. Later Todd (24) reported 10 addition^ cas^ 
collected through correspondence vdth colleagues in British Columbia an 
Montana. Only one of this group died, and it seems quite likely that this and 
one other who recovered had Rocky Mountain spotted fever, although from the 
brevity of the report it is impossible to be certain. All were under nine years 
of age except one who was a man of forty. Ticks were found on all these pa- 
tients. The pattern of the disease was remarkably similar in all cases. Some 
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had a slightly elevated temperature. Each patient improved markedly within 
24 hours after removal of the tick, and all were entirely well within a week. 

In 1912 Temple (12) published three cases which he observed and several 
others which had been brought to his attention through correspondence with 
colleagues in Oregon and Washington. His first case was a five year old female 
who was unable to stand when she awakened one morning. That evening the 
patient’s mother removed a tick from the child’s head and on the following day 
the child was entirely well. His second case was quite similar: A six year old , 
female had been ill for two days with a flaccid paralysis of all four extremities, 
and in addition had had aphonia, dysphagia, and labored breathing for several 
hours. Two ticks were discovered on the child’s skin and removed. The 
follondng morning the patient was much improved, and was entirely well within 
a week. The third patient, a ten year old female -with a complete flaccid paraly- 
sis, was well the day following removal of the tick. Temple did not see Ids 
fourth case. This patient’s father described by telephone the child’s inability 
to stand, and following instruction to look for ticks, found several. The pa- 
tient improved rapidly. Temple mentions nine other cases from Oregon which 
he did not see personally. Two of these were characterized by high fever and 
rash, and were probably spotted fever. The remaining were similar to Todd’s 
cases. One patient, a seven year old male, presented an ataxic gait and paraly- 
sis of the extra-ocular muscles. A tick was removed from his neck, but he grew 
worse during the next tew hours, and required six weeks for complete recovery. 
Thvo patients died, but there is no record of post-mortem examination. It is 
extremely difficult to evaluate these case reports because of their brevity. 
Temple beliei'ed that the disease was entirely motor and that it probably pro- 
duced no permanent changes in the brain or cord, but he cites no evidence 
other than clinical to support this view. 

In 1910 McCaffrey (25) reported a patient from Princeton, B. C., an eleven 
year old female who during a seven day period developed progressive flaccid 
paralysis, incontinence, dysphagia, and respiratory distress. When first seen, 
breathing was labored. 'Temperature varied from 99.6° to 95.G°F. The pupils 
were dilated and failed to react to light. Tendon jerks were absent. On the 
seventh day a tick was removed from the occipital region of her head; in a few 
hours she showed marked improvement, and in three days was walking. The 
tick was identified as a half engorged female D. venuslis, (now called D. ander- 
soni). McCaffrey mentioned that similar cases had been seen in the Similka- 
mean Valley some miles distant. 

In quoting a letter from a colleague, Todd (24) reports the only case in which . 
llacmaphysalis cinnaharina has been associated with paraljdio symptoms. The 
patient, a ten year old female, developed paralysis of the lower cx-tremities, 
absent patellar reflexes and “choreic movements.’’ The following day licr abl 
dominal muscles were flaceid, and on the third day she was unable to move her 
arms. A tick was. found on the scalp and removed. Shortly thereafter she 
developed resiiiralory distress, and died the follmring morning. 

In the cases reported in the United States and Canada it has been most un- 
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for death to occur following removal of the tick. McCornack (26) men- 
tions one such case in which death occurred from “bulbar paralysis” fourteen 
hours after an engorged wood tick was removed from the scalp. The patient 
a five year old female from Libby, Montana, had had respiratory difficulty 
for a day and had been unable to stand for two. When first seen, stupor, 
complete flaccid paralysis, dysphagia, and inability to talk were noted. Mc- 
Cornack observed seven other cases which he thought to be tick paralysis, the 
t majority of wliich were young females. One case, a twenty-two year old woman 
from Hillyard, Washington, was seen in 1903 for weakness and inability to 
stand for three weeks. Recovery in “a few days” followed removal of a large 
tick from her coccygeal region. Two of McComack’s patients complained of 
vague pains in the legs and feet when they attempted to stand. The majority 
of those who recovered were entirely well within a day or two after removal of 
the tick. One patient had weakness of one arm two years later. The offend- 
ing tick was not always identified, but was probably D. andersoni. Several 
times ticks were found in funeral parlors on bodies of patients who had died of 
vague paralytic illnesses. A similar occurrence was mentioned by MacArthur 
(27) from British Columbia. 

An instance of remarkably rapid recovery from severe paralytic symptoms 
was reported by Jeffrey (28) in a ten year old boy from southern Wyoming. 
For three days this patient noted progressive wealcness imtil he was unable to 
lift his legs or his head from the bed. He complained of double vision. There 
was ptosis of the left upper eyelid and drooping of the angles of the mouth. ^ 
Tendon and abdominal reflexes were absent. On the fourth day a tick was 
removed from his back, and within three hours improvement was far advanced. 
He was walking quite normally the next day. Two days later the boy was 
entirely well. 

Gregson (17) found one hundred and fifty cases of human tick paralysis 
listed in the files of the Dominion Entomological Branch Laboratory at Kam- 
loops, B.C. He reported twenty-seven of these in outline. All were irom. vari- 
ous districts of southern British Columbia. Twelve of the twenty-seven cases 
were females. Eight of his series were adults, and ten were less than the age of 
five; the youngest was three and a half and the oldest seventy-six. Most of the 
ticks were found on the scalp, but several were found on the vulva, the tnnbilicns, 
the axilla, and elsew'here. There were five deaths in the group, one of which 
had a spinal fluid examination done shortly before death. This fluid showed 
290 leucocytes and a negative Bandy test. An unusual case occurred in a young 
female who underwent a mastoid operation three days after a tick had been 
removed from the back of her head. FoUovdng the operation she developed a 
flaccid paralysis. It was found that the head of the tick had not been removed. 
Its removal wms followed by prompt disappearance of symptoms. 

Mulherin (29) reported a seven year old female from Augusta, Georgia who 
complained of irritability, fatigue, vertigo, and paraesthesias of the hands and, 
fingers for the twenty-four hours preceding admission. Ataxia, incoordina^ 
of the arms, absent knee jerks, and a Romberg sign were present on admission. 
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A half engorged female D. variabilis was removed from the scalp at this time, 
and ivithin 9 hours the patient’s patellar reflexes had returned and she was able 
to walk without falling. The author reported that the negroes of south Georgia 
were familiar with this picture and that when such symptoms occurred they 
would look for ticks. 

Townsend and Nash (30) report an interesting case in which the patient’s 
landlord’s police dog developed paralysis of the hind quarters the day follom'ng 
the patient’s death. Ticks were found on the dog and removed with recovery 
of the animal. The patient, a negro girl of four, had developed inability to 
walk and slight abdominal pain the day before admission. When first seen 
there was complete flaccid paralysis of the lower extremities, weakness of the 
erector spini muscle group and muscles of the upper extremities. Two days 
later there was complete flaccid paralysis of all extremities and evidence of 
respiratorj' embarrassment. On this day a tick was found on the scalp and 
removed, but the patient died two hours later. 

Bassoe (31) described the case of a 49 year old college professor who was visit- 
ing the Rooky Mountain National Park. This man felt perfectly well on the 
morning of the onset of his illness, but in the afternoon noticed numbness and 
prickling of his fingers and an unsteady gait. The following day he was worse. 
Diplopia developed. On the third day he was incontinent of feces and devel- 
oped urinary retention, dysphagia, and dyspnea. Following discovery and 
removal from Ids groin of a tick identified as D. andmoni he improved rapidly. 
Within several days he was entirely asymptomatic, aside from undue fatigue 
on walldng. 

Newton’s patient (32), a 4 year old girl first noticed weakness'of her legs 
ten days following a picnic in the woods. The next day she was drowsy and 
unable to walk. By the third day she could not swallow and was having respira- 
tory distress. A large wood tick was found behind her right ear on admission 
to the hospital. This was removed and the child was placed in a Drinker 
respirator. The following morning respirations were normal and dysphagia 
had vanished. Three days later she was entirely well. 

Recently Harper (G8) briefly described a four year old-negress who had had a 
complete paralysis of her lower limbs for several hours. Her temperature was 
normal and her knee and ankle jerks were absent. On the following day a 
tick was removed from her scalp. Twenty-four hours later she was entirely 
well. 

In Australia: Twenty-two cases of tick paralysis have been reported from 
Australia, but in several the diagnosis is questionable. The Australian disease 
differs from that reported from North America in the following respects: The 
patients appear more acutely ill; the height of the disease is not reached until 
48 hours after the lick has been removed; Ixodes Iwhq/clus is .always the offend- 
ing tick; rccovejy m.ay require weeks; bizarre signs and symptoms arc more 
common. Hamilton (33) has empha.sizcd local paralysis as a feature of the 
disease. 

A fatal case, the first appearing in the Australian literature, is described by 
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C eland (13) in a 13 month old female. Progressive restlessness, weakness 
flaccid paralysis, and dyspnea continued to death from respiratory failure 
despite the removal of a tick from the right mastoid region on the second day 
of her illness. 

In 1924 Ferguson (34) reported a series of six fatal cases gathered through 
correspondence with physicians of Sydney and environs. One case was a male 
of sixteen months, who had been eating poorly for a month and was unable to 
walk the day before admission. On admission there was stridor, a normal 
temperature, and a pulse of 160. The pupils were dilated but reactive to light. 
Paralysis of the tongue and masseters with weakness of all extremities was 
present. A replete female I. liolocyclus was removed from the scalp a half 
hour before death, two days after admission. The majority of Ferguson’s six 
fatal cases had ticks removed before death. One patient exhibited “cardiac 
weakness.” 

Sinclair (35) describes a patient in whom death occurred even though the tick 
was removed early in the illness. This patient, a three and a half year old 
female with bronchial asthma, developed irritability, malaise, ataxia, and pupil- 
lary dilatation. A tick was found attached over the left parietal region. It 
was broken in removal but the remainder was excised immediately. Withm 
24 hours following removal, complete flaccid paralysis of all extremities, absent 
reflexia, incontinence, and paralysis of deglutition musculature appeared. 
Death occurred approximately forty hours after removal of the tick. 

Hamilton (33), who rightly points out that tick paralysis is a dangerous dis- 
ease in children in regions where ticks aboirnd, describes a two month old infant 
first seen with extreme weakness. A tick had been present on the breast for 
at least three weeks. No knee or abdominal reflexes were obtained. The tick 
was immediately removed and the patient was given ten cubic centimeters of 
an anti-tick dog serum, a serum prepared by the Commonwealth Serum Labora- 
tories from dogs on whom J. liolocyclus had been allowed to feed, but the fol- 
lowing morning the temperature was 103°F, the respirations 40, and death 
occurred shortly after the onset of cyanosis and respiratory difficulty. 

The protracted nature of the disease as it occurs in Australia is illustrated by 
Hamilton’s reports. A seven year old male removed a two-thirds replete /• 
liolocyclus from the scalp behind his right ear several hours after the onset of 
photophobia. Later that day he developed an unsteady gait and diplopia- 
The following day dysphagia, dyspnea, flaccid paralysis, and areflexia appeared. 
He was given ten cubic centimeters of the anti-tick dog serum. Twenty-four 
hours later he was somewhat improved, although at the end of five weeks he 
still walked unsteadily. A second patient, 21 months old, was noticed to walk 
unsteadily. The following day the child brought its mother a large replete 
tick which she had removed from her body; at this time the gait was more 
ataxic, with frequent falling. She was admitted to the hospital 24 hours late^ 
unable to walk, and with flaccidity of both legs. Knee and ankle jerks were ab- 
sent; the abdominal reflexes were barely obtained. A spinal fluid exammation 
showed normal pressure, protein and sugar. A Pandy test was negative. On 



TICK PARAIil'BlB: CKITICAl, KEVIEW 


229 


the fourth day of her illness, she. was given vitamin B and ten cubic centimeters 
of canine anti-tick serum, and because of respiratory difficulty was placed in a 
respirator. Dysphagia was marked. Improvement began on the sixth day 
of her illness, but an intercurrent scarlet fever delayed recovery. Return of 
muscular power was very gradual. 

Uncommon sites of tick attachment are illustrated in Strickland’s (36) and 
Moss’ (37) reports: The former reports a cose of tick paralysis in his son in 
whom the tick lodged in the external ear. Lower extremity paralysis disap- 
peared 10 days following removal of the tick. Moss cites a 35 year old female 
who complained of inability to read, blurring vision, weakness, sharp pains in 
both legs, and a small vulvar abscess. No other neurological findings are men- 
tioned, but the abscess proved to be a deeply embedded I. holocyclus with sur- 
rounding suppuration. It was excised, and normal vision returned in two days. 
The leg pains gradually abated and the weakness disappeared. 

Facial paralysis resulting from tick bite is illustrated in Foster’s (38) case in 
which the tick lodged in the left external auditory canal with subsequent left 
facial paralysis, and in Crossle’s (39) case in which the tick again was discovered 
in the external auditory canal of the side showing facial paralysis. 

Ptosis of the right eyelid reported by Hamilton (33) disappeared following 
removal of a tick from the right temple. The same author describes right arm 
weakness and ^vrist drop in a second patient which cleared follo^ving removal 
of a tick from the right axilla. 

Bancroft in 1884 (3) described inability to read small print, weakness and 
vertigo in a 40 year old female, all of which disappeared follomng removal of a 
tick attached near the ear. 

The importance of removing the entire tick from the skin and subcutaneous 
tissues is illustrated by Eaton’s case (40). This four and a half year old female 
developed restlessness, anorexia, and unsteady gait. A tick embedded in the 
right scapular region was partially removed, the mouth parts remaining. 
Twenty-four hours later there was flaccid paralysis of the lower extremity, 
weakness of the arms, and absent knee jerks. The remainder of the tick was 
removed at this time with gradual recovery in five days. 

In Other Countries: Case reports of tick paralysis from elsewhere than America 
and Australia are few. Sant’ Anna’s (41) patients, from Laurenco Marques, 
a port in Portuguese East Africa, almost certainly had some form of rickettsiosis; 
certainly they do not fit the clinical picture of tick paralysis as it occurs else- 
where. Garin and Bujadoux (42) reported a case from France. Their patient, 
a male of 48 complained of weakness and pain when raising his right arm. Ilis 
spinal fluid gave a positive Wassermann test, and arsphonamine failed to pro- 
duce noteworthy improvement in the weakness. 

Vencroni’s (43) two cases from Somalia are scarcely more convincing. The 
• first WM a boy of four who suddenly developed marked weakness of his legs an 
indefinite time after the attachment of a tick. Mffien examined there was 
ab.sence of all voluntary movement of the lower legs. Cutaneous rcflo.xcs were 
weak; tendon reflexes were absent. The child was sent home, but two weeks 
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later was, perfectly well. Veneroni’s second case was a female of six who showed 
tome and clonic convulsions of the neck and face muscles, tachycardia and 
tachypnea. The patient’s mother had pre\dously removed a tick from the 
cMld’s neck. The patient was quite ill, but slowdy improved and was asympto- 
matic within a fortnight. In both cases Veneroni surmised that the responsible 
tick was RhipicBpholus simus. No further details of these cases were given. It 
is possible that they represented forms of tick paralysis. 

TICK PAHALYSIS IN DOMESTIC ANIMALS 

Failure of locomotion in domestic stock infested wdth ticks and prompt re- 
turn to normal following the removal of the ticks has been described many times. 
It is not easy to be sure that these instances represent a disease analogous to 
tick paralysis in man for the reason that several diseases of domestic animals 
present clinical features which one might expect if a disease entirely similar to 
tick paralysis did occur in animals. Among these are distemper and Texas 
cattle fever. Complete pathological reports either from human or animal cases 
of tick paralysis are missing, and almost no attention has been given the blood 
picture. This last is important in ruling out various blood parasitic diseases 
such as piroplasmosis. Nevertheless, it is difficult to escape the impression that 
the disease in man has its counterpart in several animal species. 

In Australia: The early observations of Hovell (1) and of Backhouse (2) 
have already been mentioned. In 1884 Bancroft (3) described paralysis of the 
hinder extremities of dogs and cats two or three days following the attachment 
of ticks. In his experience death occurred uncommonly in adult animals but 
young dogs rarely recovered. Anderson-Stewart (4) in a discussion of various 
animal “poisons called attention to weakness in dogs infested with ticks. Some 
of these animals died from respiratory failure and some which recovered were 
left with peiipheral nerve paralyses. It is possible that the subjects presenting 
this last feature had distemper. In 1921 Dodd (44) described tick paralysis 
in foals, calves, cats, and dogs, and also pointed out that the prognosis is better 
in younger animals. Ross (45) in 1932 reported vomiting and progressive 
weakness of the hind limbs of his owm 5j month old cocker spaniel, which har- 
bored numerous nymphs of I. liolocyclus. These were removed and recovery 
was rapid, but shortly thereafter the dog was again covered with nymphs and 
again developed paralysis of his hind legs, with recovery again follmving re- 
moval of the parasites. He thought (63) that native fauna were immune to 
the disease, but this was not borne out by Smith (46), wffio reported that tick 
paralj'^sis interfered with liis e.xperiments on “Q” fever, in wffiich they used t le 
bandicoot (Permales nasuta), a small marsupial inhabiting the east coast of 
Australia. These bandicoots wmre obtained from near Brisbane, where L 
holocyclus is rare. He observed paralysis in several bandicoots infested with 

large numbers of nymphs of I. holocydus. 

In South Africa: The most extensive outbreaks of tick paralysis have been 
described in sheep. In 1904 Malley (5) and in 1905 Borthwick (6) desonbed 
the disease in South Africa. The apparently responsible tick wms Ixodes ptlosus, 
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but recently Philip (47) has noted that Ixodes rubicandus also causes tick paral- 
ysis in sheep in Africa. Soon after the first frost in May the sheep would be 
found lying in the veld unable to move. If a herd was being observed at this 
time of the year, occasionally a sheep would bo seen lagging behind the rest of 
the group. Soon it would walk with an unsteady gait, and eventually would 
lie down altogether. Within six hours paralysis of the extremities would be 
complete. The temperature was invariably normal. Most of the animals 
would recover in 48 hours unless a jackal killed them. Dipping promptly put 
an end to the disease in the herd. Borthwick autopsied a number of his sheep 
but found nothing. 

In North America: In 1913 Hadwen (15) described an epidemic of tick paral- 
ysis in a sheep herd belonging to a farmer in Keremeos, British Columbia, who 
had imported 400 sheep the previous year from Montana. During March and 
April he lost 46 sheep and the following year many more developed the disease 
and 80 died. Hadwen, who was sent out to investigate this epidemic, found 
tides on some of the sheep but saw no fresh cases. The tick was Dermacentor 
andersani. Paralysis occurred regularly six to seven days after attachment. 
Hadwen felt that attachment of the tick along the spine was an important 
feature in the development of the disease, but subsequent observations have 
shown this not to be time. He mentioned an instance where the paralysis 
lasted for several months before recovery finally took place. In 1922 Bruce 
(48) recorded an epidemic in which 300 out of 400 sheep were affected in n 
district north of Kamloops, B.C. 

Tick paralysis in cattle has been observed in British Columbia and Montana. 
Bruce (49) mentioned that “down with ticks” was the designation of the Mon- 
tana veterinarians for a condition of unknown etiology which occurred in tick 
infested cattle, causing them to lie on the groimd unable to rise, and which was 
cured rapidly by the removal of the ticks. Most of the cases occurred in the 
early spring (50). Moilliet (52) in 1937 reported an outbreak in cattle. There 
were 200 cases with 20 deaths in a herd of 038 animals. Five years previously 
in a nearby district 100 cases with 05 deaths were reported in a herd of 900. 
Most of those which recovered were well within a few hours after the tides were 
removed from their necks, although some walked on their knuckles for a week 
or so. 

There is scarcely any mention of the disease in horse.s, but Bruce (49) men- 
tioned a rancher in British Columbia who had VTitten that he had lost two 
horses, and thought that ticks, which almost covered the hor.=cs, were rc.sponsible. 
His animals had become so weak that they could not stand and “seemed stiffened 
up behind.” Hutyra and Marek (53) mentioned the occurrence of the disease 
in rabbit.s. 

While studying the life history and ecology of the moose (Akes ameritana 
americam) in the Superior National Forest in AIinnc.sota and in areas north- 
ward in Ontario, Thomas and Cahn (54) learned from trappens that between 
I'cbruaty and May a moose occasionally becomes extremely active, running 
through the forest blindly and aimlessly, eventually to break down in the hind 
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or fore quarters and die. These animals were invariably covered and sometimes 
almost denuded by ticks. The common tick in this locale is D. albipictus. 
A moose vdth this disease was observed and a photograph published (67). 
They were able to collect 32 well authenticated cases. In view of subsequent 
experimental work with ticks obtained from these moose it seems doubtful that 
this is tick paralysis (vide infra). 

In Crete: Tzortzakis and Papadalds (55) described an illness of sheep and goats 
in Crete characterized by high temperature, motor paralysis, leucoeytosis, ani- 
soc 3 dosis, and intraerythrocytic bodies. These animals carried tides and 
the authors called the illness tick paralysis, but it seems more probable than 
an anaplasmosis or a piroplasmosis was responsible. The description of Blanc 
and Camienopetros (56) is more convincing. They included observations on 
cats, dogs, and sheep. Motor paralysis was the outstanding sign, Ixodes 
rtcinus and Hoemaphy salts punctata were the responsible ticks. 

In J ugoslavia: In 1935 in several districts of Jugoslavia there was an epidemic 
of tick paralysis in cows and other ruminants. This was observed by Oswald 
(57, 58), who made the diagnosis. He obtained a variety of ixodid ticks from 
these animals, but found no one of them common to all the cases. The disease 
was kno-wn to the natives as “Shimteera,” “Lejanitza,” and several other terms, 
which seem to be only place-names. The animals when ill were awkward, stag- 
gered and fell, and exhibited diminished rumination and marked dyspnea. 
They died in three to four days unless the ticks were removed. The disease 
apparently had been known to the farmers of these districts for a number of 
years. 

PATHOLOGY OF THE NATURALLY OCCURRING DISEASE 

Satisfactory pathological studies on human or animal cases of tick paralysis 
are lacldng. From the brief protocols available it is frequently difficult to 
determine whether histological study has been carried out. Ferguson (34) 
reported a 16-month old male who died with a flaccid paralysis and from whose 
scalp a tick, 7. Iwlocyclus, was removed an hour before death. This child had 
not been entirely well for about a month, a fact which throws some doubt on the 
diagnosis. At autopsy all portions of the brain showed intense engorgem^t 
and diffuse round-cell infiltration wdthout perivascular cuffing. No mention 
was made of findings in other organs and no other pathological reports of the 

disease in man appear in the literature. ^ 

Borthwick (6) found no lesions in sheep dying of tick paralysis. Brumpt s 
(73) case of a dog bitten in the ear by two 7. holocyclus, showed a normal bram 
and spinal cord. Tzortzakis and Papadakis (55) reported hyperemia of the 
central nervous system, but it seems likely that their sheep and goats died rom 
an acute infectious disease. 

EXPERIMENTAL TICK PARALYSIS 

Investigations designed to demonstrate the cause and mechanism of tick 
paralysis have centered on the induction of the disease by attaching tic 
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laboratory animals, and by injecting organisms and extracts obtained from 
ticks. Efforts like those of Borthwiok (6) and Dodd (44) to produce motor 
paralysis by using the blood of animals ill with tick paralysis, or like those of 
Hadwen (15) and Steinhaus (69) who used extracts of lung, liver, and brain, 
have been uniformly unsuccessful. 

In a series of experiments reported in 1913 Hadwen (16) allowed eleven fe- 
male and two male ticks to attach to a lamb. Eight days later the lamb was 
completely paralyzed. Two other lambs similarly treated developed motor 
paralysis six and eight days following attachment. In a later report Hadwen 
and Nuttall (16) described the onset of hind quarter paralysis in laboratory sheep 
experimentally infested with ticks eight days prior to the onset of symptoms. 
Ten days after tick attachment, incontinence and forelimb paralysis appeared; 
10 days after attaolunent, symptoms had subsided. McComack (26) allowed 
a tick removed from the axilla of a patient ill with a flaccid paralysis to attach 
to a guinea pig. Six days later the pig developed marked weakness and fever, 
and eventually died; Todd (11) was unsuccessful in producing paralysis in rats 
and lambs when using Berkefeld filtrates of triturated ticks. Sabbatini (14) 
on the other hand demonstrated collapse and flaccid paralysis in experimental 
animals following intravenous injections of unfiltered emulsified ticks. 

Significant in the explanation of many investigators’ failures are the experi- 
ments of Regendanz and Reichinow (60) who pointed out that paralytic symp- 
toms follow only the use of gravid ticks with ripened eggs, Dodd (44) and Ross 
(61) were successful in producing paralysis in dogs by using adult female I. 
holocydus. Despite the removal of the offending tick four out of five of Ross’s 
dogs died from progressive paralysis. Ross conducted a very significant ex- 
periment on one of these dogs. He anesthetized the paralyzed animal and 
demonstrated a normal muscle response to faradic stimulation of the exposed 
peripheral nen’e, indicating that the paralytic agent acted centrally. 

Salivary secretions; It is apparent that some noxious agent elaborated ■within 
the tick and injected into the host must be responsible for tick paralysis. Ross 
in 1926 (61) in seeking an anatomical explanation of the usual 5 to 8 day incu- 
bation period of the disease, suggested the salivary gland as the source of such 
a noxious agent. This organ increases rapidly in size ns engorgement proceeds 
(33); this increase is the result of hypertrophy of alveolar cells of the gland. 

Nuttall and Strickland (14) cited Sabbatini’s demonstration of an antico- 
agulant in I. ricinus, and demonstrated it in the salivary glands of Argas per- 
sicus. Cornwall and Patten (62) also found anticoagulant in the salivary secre- 
tions of A. persiens and showed that glands di.ssected five days after attach- 
ment of the tick contained only a feeble anticoagulant, whereas the glands 
obtained from ticks which had fed ten days were much more potent in anti- 
coagulant and in agglutinating effect on red cells. Ross in 1926 (61) emubified 
the salivary glands from several female ticks which had engorged for five daj’B 
and injected the material subcutaneously into white mice. Their gait in an 
hour nppo.arcd stiff and difficult. Similar experiments on guinea pigs and dogs 
were negative; intravenous injections produced only a febrile respom-o without 
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paralytic phenomena, Ross concluded from tliis work that “the causal factor 
m the production of the disease (tick paralysis) is a tick-derived toxin, this 
toxm being secreted by the salivary glands.’' Such a conclusion seems hardly 
justified by the experimental work cited. His results may well represent focal 
embolic phenomena induced by the erythrocytic agglutinating factors in the 
sa,livary emulsion. Recently Ross (63) has repeated his earlier experiments 
with the same results; Gregson (64) has been unable to confirm Ross's work. 

Tzck Ova: It has been routinely observed that ticks removed from patients 
or animals ill with tick paralysis are gravid females. With this in mind Regon- 
danz and Reichenow (60), working in Germany mth Rhipicephalus sanguinhis 
and Derniacentcr reticulaim, gave saline emulsions of tick ova subcutaneouslj'- 
and intraperitoneally to a number of laboratory animals, and with fair regu- 
larity produced paralysis of the extremities. The results of injecting this 
emulsion into dogs were not uniform. Several of the animals developed weak- 
ness of the hind limbs on the second day. Hour out of the seven dogs injected 
died. One injected subcutaneously developed paresis of the legs three hours 
later. At least one had a pronounced spastic paralysis. Similar experiments 
were carried out with guinea pigs, rats, mice, rabbits, tand canaries. In many, 
weakness of the extremities was apparent 24 hours after injection; many died. 
These authors found that the toxic agent was resistant to dr 3 dng and 70% al- 
cohol. It was inactivated at 85°C. in 15 minutes or 100'’C. in one minute, but 
was resistant to 75°C. Eggs treated with KMn04 before being emulsified were 
still potent. Saline emulsions of the outer sticky coating of eggs failed to cause 
symptoms; the remaining eggs retained their toxicity. Regendanz and Reiche- 
now believe that because of the rapid onset of symptoms followng injection, 
a viral or bacterial etiology of tick paralysis seems unlikely. These workers 
feel that the responsible agent is a toxin originally foimed in tick eggs, which 
later diffuses to some extent throughout the tick body. 

More recently Steinhaus (59) was able to kill guinea pigs regularly with a 
Berkefeld filtrate of triturated D. andersoni eggs. Death occurred on the second 
day following the intraperitoneal injection. Cultures from the blood and 
organs of these animals were negative. Injections of emulsions of liver, spleen, 
lung, brain, and cord were innocuous. Surface sterilization of the eggs did not 
alter the results, but administering the eggs orally was ineffective. The active 
agent from the eggs was not dialyzable through a collodion membrane and was 
resistant to drying. Steinhans believed that he was unable, on the evidence 
he could present, to identify the toxin from tick eggs with that responsible for 

tick paralysis. , 

hllinac and Oswald (65) confirmed the above work with saline extracts oi 
various Balkan tick eggs. Their extract when cultured on agar showed “non- 
pathogenic ubiquitious cocci and sporulating anthracoid bacilli." Its 
was destroyed at 85° C. in 15 minutes; pepsin did not destroy the 15 to 20 /o 
protein content or inactivate the active agent. Guinea pigs injected subcutene- 
ously showed wdthin several hours anorexia, depression, labored breathing, 
nasal discharge, and pronounced weakness of the extremities. The majonty 
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of tho animals died within 2 days. Blood from two animals taken shortly "be- 
fore death was injected into a normal guinea pig without effect. Eggs from 
Hyaloma sciipmse, Boophiliis calcilrabts, Rhipicephaltts bursa, and B. sanguinis 
were equally effective. Gregson (G6) found that a tick emulsion similar to that 
used by Oswald was lethal for 10 day chick embryos. 

Recently tho problem has been reconsidered by de Meillon (51) in South 
Africa. He injected emulsions of eggs obtained from Bhipiccphahis cverisi, 
Boophilus decohralus, and Hacmaphysalis Icachi into guinea pigs. There was a 
characteristic febrile response almost immediately, and -in two or three days 
the animals showed anorexia, staring coat, disinclination to move, weight loss, 
diarrhea, hyperesthesia, and an occasional animal died. A dialysate of the 
emulsion gave the febrile response only. One of the guinea pigs developed a 
true motor paralysis 48 days after it was injected. On the basis of the evidence 
he has been able to present de Meillon does not believe that his or other to.xic 
agents derived from tick ova are identical with tho one responsible for tick 
paralysis. 

Tick parasites: Hadwen and Nuttall (16) first suggested the possibility that 
the cause of tick paralysis, like Rooky Moimtain spotted fever, relapsing fever, 
heart w'ator fever and Texas cattle fever, may bo a parasite o.xisting within the 
tick and transmitted by tick bite. An interesting series of observations was 
made by Calm and coworkcis (54, 07, 69, 70). These investigators collected 
a number of ticks, D. albipiclus, from a moose which had died in the manner 
described above (page 231). They allowed these ticks to attach to guinea pigs, 
rabbits, and a bull. In ten days many of tho experimental animals, with the 
exception of tho bull, showed a paralysis of the hind legs. Noteworthy, however, 
is the fact that in many of the protocols “walking movements of the legs” were 
noted shortly before death. This seems hardly consistent with a flaccid paral- 
ysis. Blood smears from these animals were generally negative, but in several 
febrile guinea pigs intra-erytlirooytic blue bodies similar to those seen in piro- 
plasmosis were noted. Clumps of “red-staining material” were found in the 
blood plasma of animals which died from fever and paralysis. An encapsulated 
gram-negative rod, which they named Klcbsietla paralytica was isolated from 
the gut of ticks obtained from dead moose. Injection of pure cultures ns well 
as of culture filtrates of this organism resulted in paralysis, convulsions, and death 
in rabbits and guinea pigs within 24 hours. In contrast to the toxic agent 
from tick salivary glands and ova, mentioned previously, this toxic substance 
was found to bo verj’ labile. 

Ross (61) was unable to produce any effect by injecting dogs with the intes- 
tinal contents of I. holocyclus wiiich had caused fatal tick paralysis in his ex- 
perimental animals. 

In evaluating results obtained in experimental animals it is essential that one 
keep in mind the possibility that the obsen'cd effects may have arisen from 
extraneous and obscure sources. Many diseases of domestic and wild animals 
are characterized by failure of locomotion: Victims of Texas cattle fever are 
unable to stand, have muscle tremor and oscillatorj' movements of their hind 
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limbs. In piroplasma canis dogs refuse food, and walk, if at all, with a stag- 
gering gait (53); piroplasmosis of sheep is characterized by paresis of the hind 
quarters; serum jaundice of horses induced by injection of an anti-dysentery 
lamb serim leads to staggering gait and eventually complete paralysis (71). 
There is little doubt that many of the effects noted are the result of organisms 
transmitted to the animal by ticks, and not of a specific neurotoxin. Recently 
Russian spring-forest encephalitis has been shown to be tick-borne (72). 

The hereditary transmission of the rickettsial organisms through generation 
after generation of ticks is well Icnown; experiments using tick ova and extracts 
of tick ova are not adequately controlled to rule out this possibility. Injection 
of a substance which in vitro causes agglutination of erythrocytes might readily 
lead to embolization of the central nervous system and a prodigy of neurolog- 
ical signs. The sudden death of rabbits following intravenous injection of 
sterile filtrates of Staphylococcus aureus cultures is well known; it should not be 
surprising that similar filtrates from other organisms should be followed by 
rapid death when they are injected. 

From the foregoing it seems apparent that various noxious substances exist 
in the salivary glands and in the eggs of ticks, but it is equally clear that with 
the information available it is impossible to identify any such agent with that 
responsible for tick paralysis as it occurs naturally. The failure of all experi- 
ments where blood or emulsions of viscera of animals ill with tick paralysis are 
employed seems to eliminate the possibility that an organism is responsible. 
The ease with which the rickettsioses can be transmitted bears this out. Be- 
fore the pathogenesis of tick paralysis can be stated, the active agents from emul- 
sions of tick eggs, from tick salivary glands, and perhaps even from the filtrates , 
from organisms isolated from the gut of ticks must be isolated and treated as 
pharmacodynamic agents. 

PATHOIiOGT OF THE EXPEEIMENTALLy PRODUCED DISEASE 

Hadwen (15, 74) necropsied a lamb twelve days after three ticks had attached 
and six days after the appearance of motor paralysis. Congestion of the brain 
and a fibrinous exudate in the ventricles were found. Two other lambs which 
had become paralyzed six and eight days, respectively, after the attachment 
of ticks were necropsied and congestion of the meninges was found; the other 
organs appeared to be normal. McCornack (26) encountered no abnormal 
findings in a guinea pig which he necropsied six days after a tick had attached. 
He had obtained this tick from a patient ill with tick paralysis. At the time 
of death the guinea pig had weakness of its extremities. Dodd (44) in a similar 
exijeriment likewise found nothing except hemorrhage around the point of 
attachment of the tick, and a distended bladder. Boss (61) studied the patho- 
logical findings presented by a number of dogs on which Ixodes holocyclus had 
attached. Sections from various levels of the cord and medulla stamed by 
Nissl’s haemotoxjdin and eosin method showed marked congestion of the an- 
terior and posterior horns. In some sections numerous capfilary hemorrhages 
around the nerve cells and into the adventitial sheaths were noted. Perivas- 
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cular mononuclear cellular infiltration and distinct ncurophagia ivere like^vise 
present. 

Thomas and Cahn (54) allowed D. albipiclus to attach to guinea pigs. Au- 
topsy of these animals four to ten days later showed an enlarged liver with 
small yellow nodules on its surface and a small bloodless spleen. Such changes 
are more representative of an acute infectious process. 

The pathological efi'ects obtained by injecting emulsions of tick eggs are more 
diverse and confusing. Nothing was seen grossly in animals killed with Regen- 
danz and Reichenow’s (60) tick egg emulsion, but several dogs showed Marohi 
degeneration of the cord on histological study. Routine histological sections 
taken from guinea pigs killed with de Meillon’s (51) tick egg emulsion showed no 
significant abnormalities. 

The diversity of findings is evidence in itself that much of the experimental 
work done in connection with this disease stands in no relationship to the natu- 
rally occurring disease. It is unlikely that permanent pathological changes are 
to be found because of the extremely rapid remission of clinical signs which 
occurs following the removal of the tick. 

imiUNlTT 

Because of the relative rarity of the disease and the uncertainty of much of 
the experimental work which has been done, little is loiown about immunity to 
tick paralysis. It seems clear, however, that relative immunity to the attach- 
ment of ticks can be achieved. In 1939 Trager (75), by allowing larvae of 
D. andersoni, D. variahilis, and other ticks to attach to laboratory animals was 
able to prevent subsequent attaclunent and engorgement of larvae and to pre- 
vent adult ticks from taking as much blood as usual. Ho used guinea pigs, 
rabbits, and deer mice. Extracts of lanml ticks given intracutaneously to 
these partially immune animals produced an intense cellular reaction at the 
site of the tick’s attachment. Non-immune animals showed no such reaction. 
"Using an antigen made from cephalic glands, salivary glands, and the digestive 
tract of partially engorged adult female ticks he was able partially to immunize 
guinea pigs against the attachment of larvae of D. variahilis. With a larval 
tick antigen he was able to fix complement of scrum from a guinea pig on which 
D. variahilis had attached. 

Ross (61) in 1926 reported observations on two dogs. One of these died 
from paralysis five days after a tick was placed on it, nine daj-s after recovery 
from a previous attack. The second dog developed slight incoordination, 
difficulty in rising, and on inclination to fall eight days after attachment of a 
tick and two months after recovery from a previously induced attack of tick 
paralysis. Further attempts to produce paralytic symptoms in tliis dog failed. 

Dodd (44) felt that young animals were more often attacked, and that adults 
become gradually less susceptible with advancing age independently of prior 
infestation with ticks, but Bruce (49) found that the disease was uniformly dis- 
Uibutcd according to age in a herd of sheep which he studied. Hmnan cases 
have been reported most frequently in children but do occur in adults. 
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- Ross (63) discovered two dogs which seemed perfectly. well despite the fact 
that forty to fifty ticks were engorging on them. These dogs were bled and a 
sefum prepared. Five ml. doses of this serum seemed to prevent the develop- 
ment of motor paralysis in young dogs even though the ticks attached. The 
serum also was effective in the treatment of more than one hundred naturally 
occurring dog casesj it was apparently of value even after marked paralytic 
symptoms had developed. Details of these cases are not reported. Hamilton 
(33) mentions that an anti-tick serum is prepai’ed by the Commonwealth Serum 
Laboratories in Austrialia, but notes that it must be given in ten to twenty ml. 
doses before the tick toxin has become fixed in the nervous system. This serum 
was not effective in preventing tick paralysis in bandicoots in Smith’s hands 
(46). Neither is its effectiveness imequivocal from a study of Hamilton's 
case records. 

Steinhaus (59) and Regendanz and Reichenow (60) were unable to demon- 
strate immunity to tick egg emulsions or extracts. 

DISCUSSION 

The large number of cases reported in man and the striking symptomatology 
and uniformity of the clinical picture of these cases leaves little doubt that such 
a disease exists. Although there are constant differences between American 
and Australian cases, in general they are similar. The paucity of information 
about blood or spinal fluid findings or the pathological changes involved in 
these cases accounts for there being no laboratory diagnostic method. Diag- 
nosis must be made on the basis of circumstance and the clinical findings. 
Errors in diagnosis have been made frequently, but this is not to be unexpected. 
Neurological signs are regularly encountered in tick-bome Rocky Mountain 
spotted fever. Just why there should be differences between the American 
and Australian cases is not apparent. The striking difference is in the duration 
of the disease after the offending tick has been removed. In a few clinical re- 
ports symptoms persist to such a degree as to suggest that these cases might be 
bacterial or viral in nature. 

There is also little doubt about the existence of a disease of domestic animals 
which resembles closely the pattern of the disease in man. Again, satisfactoiy 
means for objective diagnosis are lacking, and in many of the reported cases 
and epidemics it seems certain that an infectious disease was involved. 

In contrast to the complexity of the etiology of tick paralysis is the simplicity 
of treatment. For the most part, either in man or in animals, this resolves itself 
into the removal of the tick. In human cases if bulbar signs are present more 
vigorous supportive measures, including the use of the Drinker respirator, may 
be resorted to. Hamilton’s anti-tick dog serum' has been given insufficient 
clinical trial to warrant critical opinion at the present time. 

The cause of tick paralysis remains obscure. It is improbable that a specmc 
bacterial, viral, or rickettsial agent is responsible, for transmission experiments 
using blood and macerated organs of ill animals have been uniformly unsuccKS- 
ful, and, further, the remarkable subsidence of signs and symptoms foIIovTng 
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removal of the tick seems incompatible with an established parasite within the 
host. 

The features of the disease are most readily explained by hypothecating a toxic 
agent formed in the tick and injected into the host. This toxin might be formed 
within the tick ova and diffused into the salivary glands, it might be foimed 
within the salivary glands, or it might be formed elsewhere and activated by the 
salivary glands. The origin and nature of this tmdn remain undisclosed despite 
the large amount of experimental work which has been done. The most con- 
vincing experiments are those which demonstrate a toxic agent rTithin the egg. 

Eaton (40) noted the similarity of tick paralysis to coniine poisoning. He 
thought that the alkaline saliva might combine with tissue fatty acids, thereby 
displacing glycerin which could be acted on by any one of several saprophytic 
organisms with formation of butjTric acid. Butyric acid in turn might combine 
with ammonia to form coniine. It is difficult to see how this necessarily com- 
plex synthesis could take place. Woltman in a discussion of Abbott’s review 
(76) also noted the similarity of tick paralysis to coniine poisoning. Since in 
tick paralysis peripheral neuromuscular function is intact it would seem un- 
likely that coniines or similar alkaloids could be involved. These not on myo- 
neural junctions as well as on synapses. 

McKay (77) considered the mechanism of action of the toxin to be that of an 
antigen (sic) which increases the permeability of local blood ves.sels, with exu- 
dation of serum and pressure on the nerves. He thought the poison had a se- 
lective action also for the vagus center. There seems to bo little to support 
this highly speculative point of view. 
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INTHODUCTION 

Outward and visible signs of iAtemal disease have been fundamental to the 
art and science of medicine from ancient times. Nonethelcsa, etudeuts of in- 
ternal medicine and dermatology have evinced only sporadic interest in the 
acquired impermanent arterial lesion in the skin variously termed nevus araneus, 
nevus arachnoidcus, nevus arachnoides, spider angioma, spider telangiectasis, 
spider nevus, spider cancer, Idc/iC slcllaire, itoilc vasculairc, and more simply, 
vascular or arterial "spider."* Some years ago this disorder of the small vessels 

' Major, M.C., A.U.S. On leave af absence. Armored Medical Research Laboratorj- 
Fort Knox, Kentucky. ' 

' They are called "spiders" or “devils” by barflies who, apparently, have long been 
familiar with their connotation. The lesions will Ijc referred to as spiders hereafter in 
this paper. 
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^ the and its relationship to hepatic disease was brought to mj attention by 
Dr. Louis Hatnman and Dr. Warfield T. Longcope. Since that time, I have 
had opportunity to study the vascular spider in a variety of abnormal conditions 
^ well as in apparently healthy persons. Instead of approaching the problem 
m relation to cirrhosis only, or hepatic disease, or pregnancy, or nutritional 
deficiency states, or in persons seemingly normal, I have pursued the study 
wherever spiders were encountered. This has given a panoramic rather than 
specialized point of view. One of the by-products of the investigation has been 
the realization that in some persons the spider is the specialized form of a general 
disorder of the blood vessels of the skin, sometimes accentuated locally as palmar 
and plantar erythema and often occurring in mucous membranes. Data have 
■ accumulated upon persons in the several categories of disease and apparent 
health in which the spider and associated vascular changes have been observed. 
It is the purpose of this paper to present the results of tlfis investigation, a re- 
view of pertinent literature, and the features which sharply distinguish the 
vascular spider from the telangiectatic lesions of Osier’s disease (hereditary 
hemorrhagic telangiectasia). Many observations and ideas which follow give 
testimony to the unfinished state of the investigation. Since active work on it 
has been suspended it was thought to be worth while to present the material 
and inferences derived, even though incomplete. 

A 

Description 

The numberless variations in the size and shape of the cutaneous arterial 
spider make generalizations difficult. Nevertheless, certain oft repeated features 
permit the description of a generic norm. Such terms as tiche, dtoile, and 
spider indicate the basic pattern so frequently seen. The typical example is 
characterized by three main features: body, legs, and surrounding erythema, 
plus various lesser attributes. 

Body. First, the central point or eminence constitutes the body. This may 
be so small as to escape detection without magnification, or so large as to com- 
mand instant notice. Ordinarily there is a direct relationship between the size 
of the center or punctum and the size of the entire spider. Exceptions occur. 
There is a tendency for the body of the larger ones to 'be elevated, sometimes 
as much as three to five millimeters, above the adjacent skin surface. When 
the central point is large and elevated, H may be seen to pulsate. Palpable 
pulsation is found more frequently. The larger the center, the more apt it k 
to be symmetrical, and nearly hemispherical in silhouette. In the sketches and 

pictures, a variety of forms are shown (Figs. 6-22). 

Legs. Secondly, branching vessels, the legs or radicles, radiating from the 
central hub spread out parallel to the plane of the skin, just below the surface. 
These may occur as a few well-seen vessels of fairly large caliber or as a large 
number of clearly defined smaller ones; or the vessels may be hidden beneath 
the skin, the only indication of their existence being given by the erj'thematous 
area surrounding the central point. The vessels appear as branching or tin- 
branching spokes becoming attenuated and fading towards the penp my- 
They may be lost to view as they dip down into deeper layers of the skm, ana 
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reappear as an interrupted or beaded strand. ^Vhere many large vessels occur, 
they may be disposed in several parallel planes, spreading peripherally. They 
may appear to overlap in criss-cross pattern (Fig. 15). It is not uncor^on to 
sec macroscopic connections; and if oil is placed on the shin and magnification 
of twenty diametci-s is employed, small inter-connecting loops are seen very 
often. With this technique, branches of the sixth order may bo counted in some 
lesions. In many instances, branches are not apparent to the unaided eye. 
The legs of the spider are iiTegular in direction and may twist, branch, coil, 
disappear for a millimeter or two, and emerge distally. These features are 
clear in the illustrations. When the spider occura in a fold of skin, or in a place 
where there are wrinkles, there is a tendency for many legs to follow the lines 
in the skin. Isolated single vessels which become prominently displayed in 
the skin have enlarged presumably as a result of the same forces that give rise 
to the typical spider elsewhere. These vessels may appear as strands wliich 
resemble the scattered silk threads in American paper money; or they may unite 
to form a loosely or closely knit reticulum which in advanced stages becomes 
a telangiectatic mat. On close inspection, some of the isolated vessels e.xliibit 
one or more branches. IVlien the fork is bulbous or beaded, the simplest form 
of spider occurs (see Fig. 22). 

Erythema. Thirdly, the area of erythema surrounds the central punctum. 
It may be roughly circular, or may be star or cog-shaped. Usually it exdends 
several millimeters beyond the clearly visible legs but in some cases the legs 
extend beyond the perimeter of the red spot. Wlien the branches are not 
readily seen, the spider may appear as a circular area of erjdhema with a central 
red punctum or pulsating papule. Sometimes the central punctum may also 
be hard to find, and the lesion may simulate the early stage of' an acne pustule 
(Osier). A pale ring may surround the blush area of the lesion, but this anomie 
halo is not very common. 

Color. Distinctive of the lesion Is its fiery red color, which results from the 
rich supply of arterial blood brought abundantly in very thin-walled vessels 
towards the surface of the skin. This color may be seen Oven when jaundice 
or pigmentation gives an abnormal hue to the background. 

Temperature. The region encompassed by the vascular ramifications of the 
arCorial spider is warmer than the adjacent skin (13). This may be explained 
by the fact that a large amount of rapidly moving blood is brought near the 
surface. The elevation in temperature above that of the neighboring unin- 
volved skin is roughly proportional to the size of the spider and may amount to 
as much as 2°-3°C. 

direction of Blood Flow. Blood flows from the ccntml body tlirough the legs 
towards^ the peripherj'. This has been observed by many writers (13, 7Q, 99, 
145, 147, 173, 174). It may be demonstrated by the application of pressure 
to the center, which causes fading of the whole area; or by enclosing the spider 
in a transparent capsule fixed to the skin, and gradually increasing the pro.ssuro 
(13). The erythema fades and recedes from the border towards the center, the 
whole being obliterated by adequate pressure. (See Physiologj-.) 

Collecting Veins. In Figure 18 may be seen the arrangement of superficial 
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veins in the skin surrounding the territory occupied by the vascular spider. 
It appears that the return of blood from the capillary bed is effected by a s3Ttem 
of collecting vessels about the periphery of the spider legs. Nothing like 
venae comites for the central arteries has been seen in our histological sections. 
It IS well to emphasize here that the vascular spider is emphatically not an 
arteriovenous shunt in the sense of a glomus body, nor is it similar to the arterio- 
venous aneurysm which may follow injuiy to an adjoining artery and vein. 
Arterial blood is contained in the spider legs, however much the}'’ may resemble 
veins in their histological characteristics. 

Pulsation. If the location is favorable or their size is large, spiders can be 
felt to pulsate. This is particularly noted when the lesion overlies bone, as 
over the forehead, sternum, or cla-vicle. Pulsation can be seen if a capsule is 
attached to the skin and the pressure vrithin it is adjusted so that a stream of 
blood flows and ebbs to and from the central point into and out of the legs. 

\ ariations in Appearance in Different Types of Skin. The superficial appear- 
ance of the spider is modified by the texture, elasticity, pigmentation, and 
thiclcness of the overlying skin, as well as by its nearness to the surface. This 
may be seen to best advantage in a person ivho has many lesions scattered over 
the body. ^¥iien the skin is atrophic, much of the finer structure can be ob- 
served by the use of magnification. Examination of the lesion by means of a 
slit lamp permits -vrisualization of the deeper stractures in favorable cases. The 
eiythematous macule, the large round pulsating boss, and other variations are 
included ia the photographs and diagrams. 

Absence of Hair. It is unusual for a spider to occur where hair is heavy. 
Rarely does it appear in the scalp, axilla or pubic regions. It may, however, 
occur on the face in the beard area, or on a hairy chest. Usually the territory 
which is erythematous has no ob-vious hair (See Fig. 18), although hair follicles 
are commonly seen in the microscopic sections. 

Distribution. The pattern of distribution is treated in detail imder Physiology. 
Figures 1-5 portray /the essential features. 

Associated Changes in Cutaneous Vessels. An indication of the ’vddespread 
alteration in cutaneous vessels associated ■nrith spiders is the paper-money skin. 
This tjTpe of change has been emphasized by Steinmann (173, 174) and by Patek, 
Post and Victor (147), who -were struck by the ubiquity of vascular disturbances 
which rendered many vessels visible in regions of the sldn where they are not 

seen normally. - 

In addition to the tjqiical spider formation and the scattered strands ol 
vessels in the skin, other characteristic phenomena are associated in many cases. 
Perhaps the most familiar is vascularization of the external aspect of the nose. 
Large vessels, fii'mly imbedded in or just beneath the skin, course over the nose 
from the nasomalar junction or emerge in front of the alae, imparting a m 
appearance. Change in the degree of redness of the nose often proceeds pan 
passu wdth change in vascular spiders in other parts of the body. _ 

Palmar and Plantar Erythema. Other alterations of cutaneous vessels mcluue 
palmar and plantar erythema. A few of the salient points made m a recent 
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review (17) will be recalled, A number of patients TOth hepatic disease who 
have spiders have a conspicuous reddening of the palnM and more ^rely, of the 
soles. The thenar and hypothenar regions are peculiarly susceptible to tlm 
affection, and when it is extensive tW finger pads and the bases of the nails 



Distribution of Spiders 
Persons wini Hepatic Diseabfs 

Pio 1. DiaRrnm s^iorriRg the ^ocnlion o! Uio spiiicTs in subjects vntb bopalic disease, 
vrith ft total of 793 lesions Each dot represents the site of a^ein^lo spicier in one of the 
cases observed Arrows^call ® ' * '* ^ the level of the um- 
bilicus. Similar composite d indcr of the patients 

vvith hepatic disease show tl 

show similar changes. In extreme cases the whole palmar surface of hand and 
fingers shows the change. Characteristically the color is a combination of a 
bright redness with mottled spots of a cyanotic hue. A sharp boundary" line 
separates the involved skm from the adjacent normal regions. There is an 
iucrcase in cutaiieous temperature and a strong capillary pulsation in the red 
parts The distribution of this vascular change in the palmar pads, terminal 
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Distribution op Spiders 

Pregnancy: The Lesions Marked with an X Persisted, the Others Disappeared 

AFTER Gestation- 

Fig. 2. Diagram showing the location of spiders in 20 pregnant women (consecutive 
cases), with a total of 193 lesions. Each dot represents the site of a spider in one of the 
cases observed. 


“Liver palms” have been noted by Perera (150) and by Eatnoff and Patek 
(163) in hepatic disease. Their occurrence in pregnant women, many of whom 
had vascular spiders, was first pointed out by Walsh and Becker (182). Lofgren 
(116) has also commented on them in pregnancy. He presented evidence that 
the cause might be estrogenic substances, or the general alteration in hormones 
associated with gestation. The same complication of pulmonary tuberculosis 
has been noted by Trosler (180) who believed it to be caused by to.vins. The 
parallel clinical variations in intensity exliibited hy vascular spiders and by 
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redness of the palms suggest a common cause, at least for lesions associated 
with hepatic disease, pulmonary disease, and pregnancy. 

The combination of duhbing of the fingers and digital er}d,hema has been 
noted in cirrhosis (17). Since the digital erythema includes an increase in 
blood flow made manifest by increased skin temperature and capillary pulsa- 




DiBTniBtmoN OF Srxocns 

Persons with B-Complex Deficiency Disorder (First Decade) 

Fig. 3. Diagram showing the location of spiders in 49 subjects with a total of 164 lesions. 
Each dot represents the site of a spider in one of the cases obser\’ed. 

tion as well ns by redness, the criteria of Mcndlo^itz (129) for clubbing are 
fulfilled. It may bo strongly suspected that the clubbing of fingers foimd in 
hepatic disease results from tlio same forces which give rise to vascular spiders 
and p.almar erj’thcma. Reasons for the irregular occurrence of clubbing, spiders 
and red palms remain obscure. 

Post Mortem Fading. Unlc.ss the site of a spider is marked, the lesion may be 
impos.'.ible to find after death. Fading is invariable, although some of the 
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toger spiders may remain for 24 houm or longer as faint ghosts. This indicate, 

f«J,f“ “ the thin-waUed radicles. A similar but abnint 

fac^g IS seen when a spider is removed during life (13), ^ 

Va^lanzation of Mvxious Surfaces. Similar vascular changes in the mucous ' 
membranes of the body may occur in association with cutaneous spiders. This 




Distribution op Spideks 

Persons with B-Complex Dbficienct Disorder (Second Decade) 

Fig. 4. Diagram showing the location of spiders in 27 subjects with a total of 134 spiders 
Each dot represents the site of a spider in one of the cases observed. 


fact has been emphasized by Trench clinicians, who attribute much of the bleed- 
ing in chronic hepatic disease to these lesions. The mucosal telangiectasis 
often does not follow the spider-pattern so prominent in the sidn, but may occur 
in any form from a short strand to a complex mat. 

A final word should be added about various types of pigmentation occurring 
in persons vdth vascular spiders (See Fig. 19). Pigment spots may be dark or 
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light, punctate, splotchy or irregular. I do not know the source, nature, or 
significance of such pigmentation, or whether it is related to the pigmentary 
changes in pregnancy. 




Disthibotion or Spidebs 

l’i:usoNs WITH IS-CoMPi.EX Deficiency (Aoed 20 Yeabs and Oedeb) 

Fin. 5. Diagram slimving the location of spiilers in &1 Bnbjccts with a total of I2S spiders. 
Eacli dot represents tlic site of a spider in one of the casc.s obsciwed. 

Material and Odservations 

Obserwations have been made upon 430 persons having cutaneous vascular 
spiders: One hundred twenty were malnourished persons with no clinical hepatic 
disease, seen in the Hillm.an Hospital in Birmingham, Alabama, during the 
spring and Bummera of 1940-41—12; 107 were normal persons tvithout indication 
of hepatic disease, past or present; pregnancy, or deficiency disease; 100 wore 
persons with hepatic disease; 50 were inductees seen in a group of 1000 J’oung 
men aged 21 to 28 years, c.xamined at Fort Thomas, Kentucky, prior to indue- 
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tion into the Ai-mcd Forces in 1941; and 41 were women who acquired spiders 
durmg pregnancy. Of the total number, 267 cases were studied in detail and 
some have been followed at intervals for six years. The records, figures, dia- 
grams, and case histories are from tliis smaller group. For the most part, the 
rest of the persons listed above were seen once or only a few times. Some of the 
normal persons who had vascular spiders have been observed for three or four 
years, but records on the normal gi-oup are less complete than the others. 

■\^Tien this investigation was undertaken, it was hoped that clinical study 
might reveal some etiological factor which w^ould account for the appearance of 
spiders during the course of various diseases of tlie liver. It was an unlooked-for 
event when similar vascular lesions were found under other circumstances. 
Nevertheless, the data collected in the early phase of the study served to demon- 
strate the lack of exact correlation between any single clinical or laboratory 
finding in hepatic disease and the occurrence of the spider. Nor was there any 
exact relationship between the severity ofia particular case of hepatic disease 
and their occurrence, although chronicity and severity made their advent 
more likely. 

Charts showing the size and location of spiders have been kept, and the changes 
recorded in each case. Many lesions were photographed. Tracings or free- 
hand sketches of a number of spiders were kept so that the natural history of 
a single lesion could be scrutinized. Experiments were carried out to discover 
methods of measuring indirectly the intravascular pressure of different paits of 
the spider. Transparent capsules held in place with collodion or rubber cement 
were connected with a mercury manometer, and th‘e events following slow changes 
in pressnre were observed. Additional studies included compai’ison of black- 
and-white and infra-red photogi’aphs; biopsy and serial sections of many lesions; 
use of vitamin B-complex in treating persons Avith spiders, and the use of estro- 
gens in an attempt to evoke spiders in susceptible pereons. 

THE VASCULAK SPIDER IN HEPATIC DISEASE 

Historical Review 

It is impossible to decide whether or not certain vague descriptions found in 
ancient medical Avritings concern the ATScular spider. There is no clear descrip- 
tion of them in the AAmrks ascribed to Galen or Hippocrates. The later does 
not include them in his classical description of that aspect of hepatic disease to 
AA'hich posterity has given the name Hippocratic facies. In some of his case 
histoi’ies he referred to lesions resembling flea bites, Avhich appeared in crops, 
but there is no hint to help us distinguish them from purpura, scurvy, vitamm-K 
disorders, or typhus. Various angiomata are referred to casually in medical 
AATitings of the Middle Ages but the interest Avas often centered on a suspected 
relationship to AAutches rather than to disease. Nothing can be made out of the 
large body of literature on the neAUis maternus or mothers’ marks, which has 
been of interest chiefly to the gullible as grounds for their fanciful behef m 
maternal gestational influences on the offspring. I can find no reference to 
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vascular spidora in the writings of Morgagni, Lacnncc or Bright, who understoo 
many of the clinicai relationships of diseases of the liver. No description occm 
in the works of Addison, Frcrichs or Faggc upon licpatie disorders. It has nc 
been possible to make a comprehensive search of the very old German an 
French dermatological and medical witings, but it any knowledge existed abov 
the vascular spider It has not been handed down to modern writers. Therefor 
wo may conclude that only in relatively recent times have these blemishes i 
the skin effectually aroused the curiosity of the physician. Perhaps this is nc 
strange when we recall that the striking entity of hemorrhagic telangiectosi 
was not generally recognized and was certainly not defined until Osier’s paper 
brought out its interesting natural history (135, 137). 

The first specific reference to an indubitable instance of the vascular .spide 
was made in 18G9 by Erasmus Wilson (189), an English physician specializin 
in dermatology. His brief note is given here in full. 

"A publican, aged 30 years, had tor some time yielded to the temptation ( 
his calling, and had thereby injured his health, when ho was suddenly attache 
with cpistaxis and to the epistaxis succeeded copious bleeding from the gum 
After some time, and subsequently there appeared on the face, the neck, tl; 
hands, and the arms, an eruption of red papulae with a diffuse areola. On pn 
sonting himself for consultation there were six of these papular spots on the fao( 
chiefly on one cheek, two on the neck and three or four on the hands and fori 
arms. It was evident, on careful examination, they were angiomata ; the contr; 
prominence was vascular, and around this was a plexus of venules spreadin 
out to the breadth of a quarter or half an inch. In one or two of the spots tl: 
central prominence was absent and a ple.xus alone existed, resulting from angiei 
tasin, or multiplication and hypertrophy of the venous capillaries of the skii 
The case is very rare, a sudden eruption of angiomata, and its association wit 
hemorrhage from the raucous membrane of the nose and mouth is veiy instrui 
tive. We are unaware of the conditions of the economy which may tend to tl: 
sudden hypertrophy of blood vessels, but we can easily understand how sue 
an occurrence, taking place upon the mucous membrane, might lead to serioi 
hemorrhage; and there is no reason to suppose that the cause of the cpista.xi8 i 
the instance before us, and the bleeding of the gums may not have been a sudde 
hypertrophy of blood vessels such as we have just described ns appearing on tli 
skin. Md it appears to us that ns a result, to the well-known hcmoiThagi 
diathesis ns a cause of hemorrhage there must also be added a sudden hypci 
trophy of blood-vessels and rupture of their coat as exemplified in the cas 
before Us." 


Tills excellent picture has remained buried. The lesion was characteristi 
and very well dcscrilrcd. Association with ovcr-indulgenco in alcohol am 
presuniably with cirrhosis is of great interest. The hemorrhages probably aros 

to no investigation to ascertiii 

the talidity of the speculations aroused in the mind of their author. 

'ac Mcond reference to vascular spiders in hepatic disease, and the fire 
study devoted to the problem, came from the French clinicians, Hanot am 
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Gilbert (91) in 1890. They described the Uoile vasculaire and must have realized 
the artenal nature of the vessels, referring to them as “tdches erectiles veritables ” 
In addition they observed that these Moiles were not necessarUy permanent, 
having disappeared in one patient with cirrhosis who was much improved when 
he was seen again four years after his initial examination. They showed that 
cutaneous vascular spiders have some relation to cirrhosis, are arterial in nature, 
and may disappear with amelioration of the hepatic disorder. Their findings 
have not been known to many subsequent vuiters on the subject. 

In his classical study of hemorrhagic telangiectasia in 1901, Osier (135) made 
some interesting remarks about spider angiomata. He believed that the dilated 
vessels forming the radicle were veins converging upon the “central bright red 
nodule projecting a little beyond the skin.” He commented on the superficial 
resemblance to the cutaneous lesion of acne. In his ovm words — “Angiomata 
have a curious relationship with affections of the liver. In cirrhosis, in cancer, 
in chronic jaundice from gallstones spider angiomata may appear on the face and 
.other parts. They may be of the ordinary stellate variety like the stars of 
■ Verheyen on the surface of the kidney, or the entire area of the star may become 
diffusely vascularized, so that there is a circular or ovoid territory of skin looking 
pink or purple, owing to the small dilated veins. A dozen or more may appear 
on the trunk or even large ones may disappear. And lastly, in a few cases of 
disease of the liver I have seen large mat-like telangiectases or angioma involving 
an inch or two of skin, and looking like a very light birth-mark, but which had 
appeared during the illness. The sldn was not uniformly occupied with the 
blood vessels but the}'- -^vere abundant enough in the deeper layers apparently 
to give a deep change in color and to form very striking objects. The cUlated 
venules on the nose, and the chaplet of dilated veins along the attachment of the 
diaphragm are not infrequently accompaniments of the spider angiomata in 
cases of diseases of the liver. I have recently seen the spider angiomata appear 
in the face in a case of catarrhal jaundice.” Later students 'have added little 
to these early descriptions, although the belief that the vessels were venules 
has been discarded. 

Bouchard (32) made a significant contribution to 'the subject in 1902. He 
stressed the fact that the affected vessels were on the arterial side of the capil- 
laries. He w'as apparently the first to see spiders erupt, fade away, and return 
during the varying clinical course of cirrhosis and he put great emphasis upon 
their direct relationship to the severity of the disease. It was his opmion that 
they appeared in areas in the skin w'hich had been subjected to some trauma. 
He described similar lesions in the mucosa of the mouth and pharynx. Perhaps 
some of his patients -with bleeding lesions were suffering from hemorrhagic 
telangiectasia (Osier’s disease), although hemorrhage from mucosal spiders 

has been described by others (78, 91, 173, 174). 

In 1903 Gilbert and Hh-scher (78) reported the occurrence of vascular spidera 
in 107 persons Avith hepatic and biliary disease, including Laennec’s (alcoho ic) 
cirrhosis, tuberculosis of the liver, Hanot’s (biliary) cirrhosis, familial jaundice, 
and other forms of hepatic disease. They thought that the charactens ic 
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vascular spider should always excite the suspicion of liver disease, even though 
the disease be latent clinically. Upon grounds not exactly clear they concluded 
that on the hands and face, spiders were arterial in nature, wliile on the trunk 
they were composed of capillaries. Pulsation was specifically noted. It had 
previously been implied by Hanot and Gilbert (91). 

In 1904 Parkes 'VVcber (139), who has contributed a series of distinguished 
reports on vascular spiders and related telangiectatic states (139-146), expressed 
his belief that they were “induced by a small inflammatory papule of the skin.” 
Subsequent observers have expressed a similar opinion. 

The vascular spider was noted by Sir James Galloway (75) in 1908. He 
stressed its evanescent character, its appearing and fading with relapses and remis- 
sions in cirrhosis. Somewhat later (76) he described and pictured an advanced 
stage of this vasculjir phenomenon occurring in a soldier with syphilis, tuber- 
culosis, a large liver and anal fistula. He called attention to the palpable pulsa- 
tion in the larger lesions and to the bleeding that occurs with mild trauma. 

Castaigne and Chiray (40), in the 1910 edition of their text, remarked that 
patients with Laenneo’s cirrhosis "have arterial varicosities and it is not un- 
common to encounter one or more arterial nevi of recent date.” They did not, 
however, remark on the spider form, although the concept of arterial varicosities 
suggests that they were well acquainted with it. 

Prick (73), in 1912, reported an atypical example in a man suffering from 
carcinoma of the liver. It is possible that a disorder of a different kind was 
present since the lesions remained clearly discernible after death. 

In 1914 Sibley (166) described the case of a woman who had vascular spiders 
showing a more or loss symmetrical distribution. It is not clear that she had 
hepatic disease. In any event the vascular spiders faded while the patient was 
still under observation. 

The nature of Adamson’s (2) case (1918) is by no means clear but it may 
have been of the same variety. 

In the volume of Contributions to Medical and Biological Research dedicated 
to Sir William Osier (1919) there is a report by Gwyn of a patient with Weil’s 
disease in whom vascular spiders developed (89). I have seen no other example 
referred to and this lesion is not mentioned in the review of Weil’s disease by 
Ashe, Pratt-Thomas and Kumpe (8). 

A general consideration of angiomata by Emile-Weil in 1927 gave a good 
account of the occurrence of the spider-like lesion in cirrhosis (62). He implied 
but did not describe differences between the acquired vascular spider and other 
angiomata. 

In 1928 Roles (160) reported a case of multiple telangiectasia with spleno- 
megaly. Prom the description it seems probable that this represented the 
acquired vascular spider of cirrhosis nather than an unusual complication of 
Osier’s disease, although others have interpreted it differently (69). 

Rollaston has written of the clusters of dilated vessels or stigmata on the 
iico (ICl). He said that when cirrhosis is advancing, small angiomas may crop 
up all over the surface of the body, and in exceptional instances may unite to 
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form areas of considerable extent. Elsewhere (162) he remarked that “small 
angiomas, probably due to toxemia and sometimes appearing in crops when the 
disease is advancing, are common in the slcin generally, and when on mucous 
surfaces may account for epistaxis and for false hemoptysis and hematemesis.” 

In contemporaiy French medical literature there are many articles on tlie 
vascular spider. Laffitte (111) believed that it was similar in nature to other 
arterial nevi of the skin. Steinmann (173, 174) wrote two excellent reviews on 
the subject and was the first to discuss the morphology of the vascular lesion 
in detail. He called attention to the irregularities of the legs of the spider 
which dipped down in places so as not to be visible at the surface, giving the 
impression of an elongated spiral. He stated that pressure applied to the 
center caused the peripheral portion of the lesion to disappear. Aiierial pulsa- 
tion was readily detected in some spiders, especially the larger ones wth ele- 
vated centers. Steinmann was one of the first to stress their curious distribution; 
their rarity or absence from the legs and lower part of the body; their frequency 
in the exposed areas of the face, cheeks, nose, brows, forehead, forearms, palms, 
fingers and upper aspect of the chest. He emphasized the fact that they showed 
a close relationship to the functional state of the liver, fading with remissions 
and developing or recurring with exacerbations in the severity of the disease. 
This was correlated in his patients ■with changes in the rose bengal test of liver 
function. He saw spiders appearing two or three years before ascites first 
occurred, at a time Avhen the only indication of hepatic disease Avas digestive 
disturbance, sometimes Avith slight icterus. Hemorrhage from mild trauma to 
a lesion, especially on the mucous membranes, often called attention to its 
presence. Finally he noted that after death no traces of the lesion could he 
found unless it was very large and Avas angiomatous in character. Fiessinger 
(67) arrived at similar conclusions. He believed that the arterial spider Avas 
of prognostic significance since he observed instances of its fading in patients 
who recovered, but it is not clear that he Avas able to predict future improve- 
ment in cii’rhosis on this basis. He was the first to call attention to similar 
vascular changes throughout the skin without typical star formation. Loeper, 
LoeAV-Lion and Netter (115) stressed the sudden explosiAmness of the eruption 
and the prognostic as Avell as diagnostic value of the tdches stellaires. They Avere 
impressed by the association of these lesions AAuth the ascitic and splenomegalic 
phase of cirrhosis, rather than AAuth any particular type of cirrhosis. They 
emphasized the occurrence of submucosal lesions in the nose, mouth and pharjmx 
and their r6Ie in hemorrhage. In some autopsy specimens the liver had ex- 
tensively dilated portal spaces AAdiich AA'ere thought to be similar in nature^ to 
the vascular change ^in the skin. Finallj’', these authors observed that a liigi 
level of tyramine in*the blood and ascitic fluid seemed to parallel the advent 

or enlargement of the cutaneous tdches. 

Eppinger (65) summarized his rich experience Avith the cutaneous spider m 
his comprehensive monograph on hepatic disease published in 19^7. He m 
been strack by the distribution of these lesions, never having obseiwed them m 
regions not drained by the superior vena caAm. 
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Eller (60) m 1937 reported an example in a 45-year-old white woman addicted 
to alcohol. The lesions developed first on the knees, later on the face. The 
discussion following his article ^ves a good example of the prevailing confusion 
about the nature and significance of angiomata in general and acquired vascular 
spiders in particular. 

Bloomfield (30) in 1938 observed vascular spiders in 39% of eighteen patients 
with chronic hepatitis who w'ere studied for long periods of time. In one in- 
stance most of the spiders had faded after a two-year interval during which the 
manifestations of cirrhosis subsided. There was no single factor in the reported 
clinical or laboratorj' findings which was directly correlated with this change. 

In 1938 Williams and Snell (188) published an excellent description of sLx 
cases of pulsating angiomata in hepatic disease. They suggested that the 
spiders of hepatic disease were related to the glomus body and indeed their 
sections of a large pulsating lesion revealed the same tissue in the arterial wall 
as is found in the typical arteriovenous connection so elaborately described and 
reconstructed by Masson (12G, 127) and by Popoff (152). In their discussion, 
Williams and Snell described the well known and clearly dissimilar vascular 
changes in the cutaneous vessels and overlying slcin in Osier’s disease, although 
elsewhere they assumed the identity of the two types of lesions. 

Comment on spider nevi is included in Watson’s article on regurgitation 
jaundice (184). He emphasized the distribution in the upper portions of the 
body, connecting this phenomenon, as did Eppinger, with the drainage area 
of the superior vena ca%'a.’ Ho had never observed typical multiple nevi except 
in the presence of hepatic disea.se. 

The most extensive study of the vascular spider associated with cirrhosis 
of the liver, one which combines an excellent physiological analysis with histo- 
logical sections and descriptions, was reported by Patek, Post and Victor (147). 
These autliors have added greatly to knowledge of this abnormal vascular struc- 
ture and in their paper is the clear statement that “the acquired type of spider 
does not conform to descriptions of the congenital lesions" (i.e., 0.sler’s disease). 
They found that 7G% of G3 patients with cirrhosis of the liver e.\hibited spiders. 
They reviewed some of the prerdous reports and demonstrated beyond cavil 
that spiders fade on pressure, pulsate, arc arterial in nature, and have an intra- 
arterial prcissure around 85 mm. of Hg. which is somewhat lower than pressure 
in tlie brachial artery, but distinctly higher than capillaiy pressure in the fingers. 
The direction of blood flow is centrifugal, from the body through the radicles 
to the periphoiy. Their pharmacological investigation revealed that the 
smaller branches of the spider reacted to adrenalin and histamine in the .same 
manner ns the minute skin vessels. As might be e.xpectcd from the arterial 
structure, lesions fade and may disappear after death, although the larger ones 
may leave a tell-tale region of incrca.scd lividity. These authors emphasized the 
point that the skin elsewhere was apt to exliibit dilated vessels not arranged in 
the tjTiical spider pattern. They did not, however, mention any similar changes 


* 1 have recently been informed by Dr. Watson that he lias 
spiders on the lower asiwcts of the body (IS5). 


subsequcnily Rucountored 
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in the mucous membrane. Tbeii- histological studies indicated a distinction 
between two types of spiders. One was an enlarged and dilated artery ^\^th 
branches from -the stem going on to merge with the capillaries. The other 
variety was composed of a central stem artery which resembled the arterial side 
of an arteriovenous glomus shunt but had this significant difference, that it 
broke up into radiating branches which continued to the capillary bed at the 
periphery and did not empty directly into veins. The branches were thinly 
covered vessels which in structure more closely resembled veins than arteries, 
but contained arterial blood. This may account for the difference in opinion 
about the structure of the vascular spider. This difference may have resulted 
from studying one of the several parts rather than the whole, or peihaps only 
one of the two types. 

Another detailed study of these lesions, one of the few that are illustrated 
with photographs, was published by Ciddvadki (47). He found the lesions in 
56% of 46 patients wdth cirrhosis. He noted their distribution, their varia- 
tion wdth the changing stages of cirrhosis, and their occurrence in non-alcoholic 
cirrhosis. Curiously enough he believed that spiders were pathognomonic of 
cirrhosis and permitted the exclusion of other hepatic disorders. He brought 
out evidence for associated endocrine disorders, hairlessness, changes in the 
hypophysis, and atrophy of the testes, phenomena which have been described 
as occurring in the cirrhosis of hemachromatosis (5, 6, 112). In discussing the 
nature of these phenomena he called attention to Chvoskk's habitus in cirrhosis 
(43, 44) and speculated upon a common constitutional cause for cirrhosis and 
vascular spiders. 

A similar suggestion has been advanced by Parkes Weber in several of his 
notes on vascular spiders (139-146), although he is inclined to attribute the 
eruptive phenomenon, the provoking force, to an inflammatory reaction. If 
read aright, he considers the spider to be a mycotic aneurysm of the terminal 
cutaneous artery of Renaut (154), which may disappear when the infecting 
organism dies. 

Ratnoff and Patek (153), in their recent monograph on Laennec’s cirrhosis, 
reported that spiders had been described in only 15% of 386 cases and “liver 
palms” in slightly more than 4%. The data were incomplete, which probably 
accounts for the loAvness of these figures as compared with those in the earlier 
study by Patek, Post and Victor (147). This underscores the necessity of 
judging the incidence of such lesions from a study centered upon them rather 
than from one that deals with the underlying disease. 

Observations 

It became apparent early in this investigation that there was no commonly 
used test of hepatic function nor any clinical sign of liver disease which was 
invariably associated wdth the presence of the vascular spider in a particular 
patient, at a given instant. This held true for a large series of function tests and 
for all the diagnostic signs of cirrhosis. There were correlations, however, 
which showed significant trends. VTaen a comparison was made between a 
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group of persons R'ith hepntic disenso and spiders, and a similar group ndth no 
spiders, two facts emerged. , Spiders were more frequent when the hepatic dis- 
ease was severe than when mild; and they occurred more often in chronic than 
in brief diseases (Tables 1 and 2). There were enough exceptions to invalidate 
such a rule in individual cases. 

A clinical and laboratory study of particular cases over a long peiiod of time 
indicated that no sign or symptom heralded the coming of vascular spiders; 
and when they were established, no change in function or sign anticipated 
their disappearance. When jaundice was deepening, or ascites accumulating, 

TABLE 1 


The occurrence of vascular spiders tn persons with hepatic disease 


TYPE 

WttJTE UAtE4 

WntTE TEiUtES 

KECSO UALES 

1 

j TOTALS 

WUh 

spiders 

without 

<piders 

vnth 

spiders 

wvlhouv 

spiders 

1 With 

1 spiders 

.without 1 
spiders 


without 

Spiders 

Laenncc’e cirrhosis 

GI 

19 

12 

3 

1 

• s 

74 

27 

Cirrhosis and hepatoma . 

3 

1 

; 1 




4 

1 

Cardiac cirrhosis 

4 

7 




2 

4 

14 

‘Tatty liver” 

1 

1 


3 


1 

1 

I 

2 

Hemochromatosis 

1 

2 





1 

2 

Hepatitis (‘‘Catarrhal Jaundice”) 

6 

6 

3 

1 7 


2 


14 

Post-arsphcnamine hepatitis. 

J 

1 



1 

3 


2 

Fost^bismuth hepatitis 



1 




1 

1 

Weil’s disease 

1 

3 




4 

1 

7 

Gumma ot liver 



1 


1 


2 


Chronic alcoholism and lobar pneu- 



1 






monia 1 

2 

18 


5 


U 

2 

34 

Common-duct stone with jaundice 

2 

4 


5 


4 

2 

13 

Carcinoma of head of the pancreas 


3 


1 


2 


G 

Carcinoma of rectum with hepatic 









metastasis 


3 

1 1 

3 



1 

6 

Fclty’s syndrome 

I 






1 


Total 

m 

m 

19 

m 


31 

lot 

12S 


No spiders ^\G^e encountered in female negroes 


new spiders were apt to appear, or old ones to return, or existing ones to enlarge, 
but exceptions occurred often enough to exclude these events as measures of 
the specific agency which was also responsible for tlie changes in the vessels of 
the skin. Likewise the clinical improvement often presaged the disappearance 
of a spider, but occasionally it did not. Moreover, in a particular patient one 
vMcuIar spider miglit appear or enlarge -while another simultaneously faded or 
disappeared. Tliis suggested the probability of a dual causation, some local 
force working on tlic skin vessels alTectcd, ns well ns an undcrljing humoral cause 
associated with di.'^j.'iso of the liver. 

In Table 1 are listed all patients with hepatic disease c.xamined for vascular 
spiders. Tlie numbers do not indicate the relative incidence of the several 
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diseases, since only cases personaUy observed are included. The proportion 
of cases with vascular spiders is much higher than would be found in a study 
pnmarily based on hepatic disease (153). Because of the cooperation and 
mterest of the house staff, examples were found before the nature of the under- 
lying disease was established, thus weighting the figures on the positive side. 
In some cases spiders were not found until a later hospital admission, or until 
repeated tours of inspection had been made. Since the groups in Table 2 are 
not of uniform size but merely represent consecutive cases seen at random, a too 
close analysis of the percentages is not justified. The data suggest that men 
with hepatic disease are more likely to acquire spiders than women. Among 
Negroes, whose addiction to alcohol is high in the class of patients studied, 


TABLE 2 

Comparison of data in perso7is with Laennec’s cirrhosis with and without vascular spiders 


• 

WITH SPIDERS 
(74 cases) 

WITHOUT SPIDERS 

Average age 

46 

54 

Sex 

Males 

62 

24 

Females 

12 

3 

Race 

White 

73 

22 . 

Negro 

1 

6 

Icterus index (average) 

36 

10 

Bromsulphalein retention at 80 minutes (average) . . . 

42% 

36% 

Positive Takata-Ara reaction 

83% 

93% 

Serum albumen (average) 

2.9 

2.6 

Serum globulin (average) 

3.5 

4 

Palpable liver 

90% 

67% 

Palpable spleen 

39% 

52% 

Collateral veins over abdomen 

56% 

26% 


69% 

67% 


60% 

74% 



cirrhosis was uncommon, and spiders rare. It is of interest that they occurred 
at all. They were seen only when the skin was fairly light (see Case 2). There 
were two possible examples in very dark-skinned subjects but the suspected 
lesions could not be obtained for histological verification so these cases were 
excluded. When the averages in Table 2 were computed it w^as found that the 
extremes of high and low values were about the same in the two groups. It was 
easy to find cases in' which severe jaundice, ascites, and chemical evidence of 
hepatic failure had existed for some time but no vascular spiders had appeared. 
Several persons who had died from liver disease never had spiders.^ hvone 
theless the spider usuaUy indicated severity and chronicity in hepatic disorders. 

In the data on patients Awth cirrhosis in Table 2, the average age of those wi 
spiders was eight years less than that of those with none. This was true of e 
distribution as wmU as of the averages. The meaning is obscure. Kgures for 
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sex and color may be considered as percentages since data on 101 cases are given 
in Tabic 2. A slightly higher percentage ol women (80%) than men (72%) had 
spiders but there wore relatively few women in the series. The icterus index 
and bromsulphalein retention indicate a more severe stage of cirrhosis in those 
■vAth spiders, although the Takata-Ara and serum protein values indicate a 
trend in the opposite direction, as does the less frequent occurrence of ascites. 
An enlarged liver was found more often in those with spiders than in those who 
had none. The ratlier sharp difference in the percentages of cases uith and 
■without collateral veins has aroused the suspicion that the forces giving rise to 
vascular spiders may also favor the hj'pertrophy of collateral vessels when 
obstruction exists, although there is no direct evidence bearing on this point. 
The spleen was enlarged relatively more often in the absence of spiders than 
when they were present. All in all, these data should not be emphasized too 
much, for the numbers are small; and one should look for the cause of spiders 
in the circumstances prevailing wliile they are appearing or increasing rather 
than after they are established. 

Of the first 25 patients nith cirrhosis and spiders followed for four years, 
all but eight arc loionu to bo dead (two could not be traced). Only three of 23 
cirrhotic patients with no spiders are dead after the same length of time. This 
is in keeping nith the obseia’ation that spiders occur in severe hepatic disease. 

These observations on Laenneo’s cirrho.sis were extended by studying patients 
■with other kinds of jaundice and with other indications of hepatic failure. Al- 
though the spider has been found most often in cirrhosis, and most articles about 
its relation to disease of the liver are based on this tjqje of hepatic disease (32, 
40, 47, 78, 91, 113, 147, 15G, 1G2), its occurrence in a wide variety of affections 
of the liver becomes obvious from inspection of Table 1. In addition to the 
cases of Laennec’s cirrhosis in ■wluch spiders ■were found, they ■were discovered 
also in patients with cardiac cirrhosis, fatty liver, and hemochromatosis. Their 
presence in such a high proportion of the cases of hepatitis (“catarrhal jaundice”) 
was surprising.* The lesions were less numerous and smaller than in the more 
protracted hepatic diseases so that many would have been overlooked without 
careful and repeated search. Among the few patients suffering from toxic 
hepatitis there were several with spiders. One patient whose illnes.'s was diag- 
nosed as Weil’s disease (unverified) had spiders. In this series of cases spiders 
were not found in persons affected with carcinoma of the head of the pancreas 
nitli chronic jaundice. This formed .an exception to the mle that prolonged 
hepatic disease favors the eruption of spiders. The other hepatic diseases 
a^ociated with spiders are represented by such scanty material that the sig- 
nificance is not clear. No further evidence is needed to demonstrate the non- 
specificity of the kind of hepatic lesion which may serve as a background for 
the spider. Thus it was concluded that neither a specLal tj-pc of hepatic disease, 
nor the severity nor chronicity of tins dfiicasc was invariably responsible for 

' No spiders acre seen to develop during tlio acute phase in some dozens of eases of 
hepatitis I observed in soldiers in 1912, idthough Tumor lias seen them in this condition; 
not more often, however, than in a similar group of non-jaundiced normal controls. 
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the advent of vascular spiders. Nevertheless, chronic and severe cirrhosis ms 
the chief offender. 

When tMs point in the study was reached, about four years ago, two explana- 
^ ions for the impasse were entertained. Either the vascular spider was evoked 
m hver disease only in certain susceptible persons, as a result, presumably, of a 
hereditary disposition; or the hepatic dysfunction underlying the phenomenon 
V as neither measured by any of the commonly used chemical function tests 
nor indicated bj’- specific clinical signs. 

Some of the foregoing points will be iUustrated by the follovdng case histories 
of several patients with vascular spiders. 

CASE EEPOETS 

Case 1, U-111347. C. W., a 50-year-old white male, had used excessive quantities of 
spirits during most of his adult life, having taken all available varieties of beverage and 
non-beverage alcohol. During the recent past his drinking had abated somewhat because 
he could no longer tolerate his former liberal allowance. Five years before his first ad- 
mission to the hospital he had jaundice which lasted for ten weeks and kept him in bed. 
Troublesome nose bleeds had complicated this illness. He recovered with no apparent 
sequelae and was well for a year. He then had a second attack of jaundice which was 
associated with abdominal swelling. His family physician warned him against further 
drinking, but soon after recovery he fell into his usual habits. In spite of his alcoholism 
he was able to eat an adequate diet until a few months before his first admmio7i to the 
Medical Service of the General Hospital, on January 3, 1939. Here he presented himself 
in a Sony plight; jaundiced, comatose, and nearly exsanguinated from bleeding esophageal 
varices. This crisis occurred shortly after a particularly prolonged spree at Christmas 
time. 

Physical examination was notable for the complete picture of hepatic cirrhosis it revealed. 
The patient wms in deep shock, with a rapid, thready pulse, low blood pressure, sweating 
and cyanotic extiemities, which were cold and clammy. The color of the skin, a grey- 
green-yellow, indicated the presence of jaundice as well as hemorrhagic shock. His breath 
was strong with the disagreeable mousey odor of hepatic coma. Careful inspection of the 
skin disclosed a few small spiders. During a period of transfusions, as his red cells were 
restored tow'ards normal, many additional spiders could be seen (Fig. 6). Other evi- 
dences of cirrhosis included a sw'oHen, tense abdomen with demonstrable ascites and many 
collateral veins. There wms edema of the legs and feet. When the ascites had been re- 
duced by paracentesis the liver w'as found to be small and the spleen palpably enlarged. 
Even after the hemorrhage had stopped and the hemoglobin was restored, he remained in 
coma for several days, but finally rallied in spite of w^hat had seemed inevitable disaster. 

When he wms convalescing his diet was made rich in vitamins and carbohydrate, al- 
though he was not given any concentrates or crystalline vitamins. When he was ready 
for discharge, six weeks after entry, it wms found that his spiders had decreased in number 
from 16 to 7. Many of the smaller ones had disappeared leaving no trace. Where the 
larger ones had vanished a small area of atrophic slcin, usually with traces of brown pig- 
ment, gave the only indication of anything abnormal. 

Interval: In spite of the most urgent warning the patient resumed his custom of steadj 
drinking, interspersed with sprees of more pronounced inebriety. This culminated in 
a relapse; his earlier symptoms reappeared, and he was brought to the hospital t He day 
after the 4th of July in the same state as at the first admission, in coma and shock, jaun- 
diced, distended with ascitic fluid, and vomiting blood. 

Second Admission: The physical signs were much the same as on the first entrj, 
though he was not so deeply jaundiced, nor were the hemorrhage and coma as sever . 
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There were no new spiders, but he had lost no more since discharge With the same treat- 
ment he responded so rapidlj that lie felt well enough to sign out after 10 days. 

Intenal- During tlie next three months the patient left tonn, but his symptoms became 
so aggravated that he went to anotlicr hospital. Here the same findings were reported, 
and in addition his liver was observed by means of a peritoneoscope, which disclosed the 
diagnostic picture of hepatic cirrhosis, the liver being very small* "When he returned to 



Fir. C Case 1. Cirrhosis of the h\rr. Picture taken 1-21-39. Several small vascular 
spiders may be seen; one to the right of the sternum in the second intercostal space, one 
in the jugular notch, one near the mesial end of the left clavicle, and the smaller, atypical 
lesions scattered over the face and chest. The lesion at the angle of Louis is a small acne 
pustule Mith Its surface traumatized. 

Cincinnati he was forced to st.a> in bed, e\cc|»t for visits to the out-patient clinic, nhere 
he was given mercurial diuretics and bis abdomen was lapped. It became impossible to 
treat him in this manner and he was admitted to the hospU.il again on Xov’cmher 12, 1939, 
complaining onl> of great wcnkne>s and an enormously swollen bellj'. 

Third admianoir There liad been a general decline in weight, a fact which l>ecame clear 
when the ascitic lluid was removed. The two pictures (Figs C am! 7) indicate this and 
show several new vaseiilar spiders on the face. Theories on the ehcek« pulsated vigorously. 
Bv x-ray studies the presence of esophageal varices was substantiated After two weeka of 
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supportive treatment the patient was allowed to go home. His condition was becoming 
worse, but the main problem was ascites rather than jaundice. 

Interval: Because his other hepatic functions were not deteriorating as rapidly as the 
portal obstruction was developing, it was decided as a counsel of desperation to perform 
an omentopexy. For this the patient was admitted early in January, 1940, a year after 
his first visit to the hospital and seven years after the appearance of signs of beginning 
cirrhosis. He had mild jaundice and advanced ascites. 





. V 




1 



10 months before. 

ai,nu>,.n: Even .v,«, pams, eking 

a high carbohydrate and protein d^t, the ,l,a operation 

The omentopexy was performed and j ^ There vere no mcasurabi 

but died in coma, ^^ith moderate jaundice, a feii daj 

AX^^.'S-ltopsy provided ^ 

-o g= Ee„ph.gea, varices vere demonstrated 
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Comment; This man was observed during the last year of his life while remissions and 
relapses in his disease were occurring. Table 3 gives evidence that the advent of new 
spiders was not characterized by any striking change in the results of laboratory tests. 
No observations were made throughout a phase when spiders were increasing in size and 
number. Hemorrhage from the nose may have resulted from trauma to an angiomatous 
vessel in the nose, although this point was not established. This roan went through an 
episode of severe bleeding later and observation at this time revealed only very sparse 
small spiders. The changes following transfusion make it reasonably eertain, however, 
that he had larger lesions not evident during the critical period of his entry into the hos- 
pital.* When the lesions regressed they left only a spot of atrophic or nearly normal 
skin, with or without pigmentation, as a mark of their former existence. l’hotogr,aphs 
made at two stages of the disease reveal some of the changes in the spiders. 
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Laboratory data and spiders 
Case 1 
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Case 3. U-113t22. C. It., a 3S-year-old colored man, about a quarter of whoso .ancestry 
was Negro, was Jirst ad?itilt£d to tire Afedical Wards on .January 15, 1939, with jaundice 
and ascites. He had been a heavy drinker for more tlian 10 years. In 1936 and 1937 he 
had been treated for syphilis, witli arsphcnaminc and bismntli. About G months before Jjo 
came to llie iiospilal lie licgaii to grow weak and to have vague aches. Tlircc niontli.s inter 
iic was forced to reduce liis drinking because of vomiting, wliicli was most pronounced in 
tlic morning. Somewliat later Ids abdomen grew larger and lie bernme short of breath on 
trivial e.vcrtion. Tiicre were vague cramps in tlic lower alidomen. His sclerne were ieleric, 
altliougli lie laid not liecii aware of this before entry into tlic lioapitiil. 

* BInnehiiig and disappearance of the lesions arc dependent on tlieelmngcsin tliecul.ane- 
oiis lilood vessels associated witli exsaiiguinatiiig sboek. Many of tlic spiders, altliougli 
present, are iiivisiliie or ditfieilit to sec until the circiiiatioii is in a more iicarlv natural 
state It is unlikely tliat very large spiders, several reniinietera in diameter, could have 
developed in as short a time as 24 liours, altliough some do grow very ra|)idly and mat- reacli 
tlial size 111 Iissliorl ii period as ten days. In this patient, and in otliers who.«o spiders acre 
watched lietoro ami during large itemnrrlinges, tlic lesions disaiipeared or liecanie so faint 
as to escape ilelerlion unless the site had lieen marked. 
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Examination revealed a well developed but thin Negro whose light tan skin was notice- 
ably yellowed as were the whites of his eyes. The abdomen rose above the rib margin 
and flared in the flanks, but no collateral vessels were found. A hand’s breadth below the 
costal border the smooth edge of the liver could be felt, and percussion or light pressure in 
this region caused some pain. The spleen was not felt. Hemorrhoids of large size were 
present. Spiders, 24 in all, were found on the neck and left shoulder, with one on the index 
finger of the left hand. The patient had noticed that they began to appear shortly after 
his health failed, six months previously, and had increased in size as well as in number dur- 
ing the progress of his illness. His icterus index was 33j both direct and indirect Van den 
Bergh tests gave strongly positive reactions. The serum albumin was 2.8 and the globulin 
3.9 grams per 100 cubic centimeters of blood. Response to the Kahn test was positive. 

Course: The patient responded rapidly to symptomatic treatment and his abdomen 
was tapped only once. After two w'eeks he was discharged with instructions to eat a 
nutritious diet and to stop drinking. His spiders did not change during the period in which 
he was under observation on the wards. 


Although the diagnosis of cirrhosis was clear enough, it was impossible to decide what 
part alcohol, syphilis, or the treatment for syphilis played in his disease. 

Interval: Soon after discharge the patient returned to his alcoholic habit, trying to 
make up for time lost in the hospital. The result was an increase in the severity of his 
symptoms, which brought him back into the hospital on February 16 for a second admission 
three weeks after he had been discharged. The physical signs had not changed except that 
two new spiders had appeared, one on each upper arm. While he was in the hospital he 
had a series of tarry stools. Special x-ray studies failed to indicate the presence of esoph- 
ageal varices. The bromsulphalein test revealed a retention of 40% of the dye at thirty 
minutes. Other laboratory tests showed no significant deviation from those of the first 
admission. 

Follow-up: The patient has been observed intermittently up to July, 1942. When 
first seen, seven months after his last hospitalization, three of the spiders had vanished, 
including a large one on the finger. During this period he had sworn off liquor with appar- 
ent success. Throughout the next three years his spiders gradually diminished in size and 
many now exist as an isolated red punctum with no branching radicles and no surrounding 
area of redness. Although he drinks at times he has reduced his intake and works regularly 
as a peripatetic electric repairman. No further signs of jaundice or ascites have appeared. 
Only 10 spiders can be found, even with photographs and diagrams to direct the search. 

Comment: The presence of vascular spiders in a person with Negro blood has been 
reported only once, previously (153). The patient whose case we are reporting had noted 
the appearance of spiders during a period when the signs of cirrhosis were vague and non- 
descript. Two new lesions had appeared in typical form within a period of three wee 's. 
In the first seven months after discharge from the hospital only three of the lesions disap- 
peared, but the largest one was in this group. During the subsequent three 3 ^ears t e 
spiders have faded away, leaving onlj’’ 10 of the a former total of 26. Many observers lar e 
noted the presence of spiders before diagnostic evidence of hepatic disease could be oun 
Because of the not infrequent occurrence of similar lesions in apparently normal 
it is impossible to judge the importance of this finding if it is an isolated one. ^ 

patients I have seen at a time when they had spiders before clinical hepatic disease a 
developed, the lesions have been numerous, while thej" are few in the apparently norma 


SUOjGCvS j 

Case 3. U-167715. W. A., a 44-year-old white man, was admitted to the medical war s 
on January 5, 1942, because of painless jaundice and ascites. He acknowledged la i 
had drunk excessively of beer for the past eight years, and in the latter ha o us p 
had consumed an ever increasing ration of whiskey. This had resulted in a ^ 
properly for a long time. Recently the inconvenience of a swollen belly and dige 
disturbances had become so annojdng that he sought relief in the hospital. 

Physical examination revealed a well built, heavy-set man who was not acute . 
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The skin and sclerae ^^e^e moderatelj jellon His h\cr could be felt readilj , presenting 
an irregular margin at the level of the nn\el The spleen nas not palpable Ascites dis 
tended his abdomen, and small collateral veins were seen There were se\eral external 
hemorrhoids Prominent \essels o\er the nose gave it n magenta color characteristic of 
the well established “rum blossom ” Two spiders were found on his face, and «e\eral on 
the neck, chest, shoulders and arms, totaling 19 The palms were normal 

Laboratory tests showed an icterus index of 30, blood urea nitrogen of 14, prothrombin 
time of 20 seconds (control 16) Direct and indirect Van den Bcrgh reactions were positiv e 
The serum albumin was 3 9 and globulin 2 6 grams per 100 cubic centimeters Onl> 5^ of 
the bromsulphalein was retained at the end of 30 minutes 

Course The patient remained m the hospital for two months, being treated with a 
high carbohj drate and protem diet supplemented w ith the B complex \ ilamms and j east 
During this time several of the spiders disappeared, onlj 14 remaining, and the nose be 
came less red The supplemental thcrapj was discontinued and the jiaticnt was subjected 
to a course of estrogenic therapj , following which his nose became red again and two new 
spiders appeared (one m the palm) A tjpical ca'^e of palmar crjthcma, which had not 
been present before, now developed After tins experiment had been terminated the 
patient went home and tw o weeks later all the cutaneous x nsculnr alterations had rcgre‘«sod 
toward the normal, the palms faded, the nose became less red, the spiders were fading, and 
the skin vessels were becoming less apparent This case has been reported elsow here (17) 
Comment This record is included bee lusc of the changes w hicli took place m the x csscis 
of the skm following estrogenic therapi The possible significance of this effect will be 
discussed later 

Case 4 U 168810 A H , a 53 jear old white man, with one Indian grandparent was 
admitted to the Medical Sciwicc of the Cincinnati General Hospital on rcbruar> 2, 1912 
because of jaundice of a month's duration He was never a heavj drinker, rarelj taking 
anj beverage alcohol His diet had been good in ill respects For about a jear ho had 
been growing weaker, although ho did not stop working until two months before ho entered 
the hospital Tdcma of the feet was noticed four months prexiouslj \t about this time 
he had the first of a series of nose bleeds w hich li id recurred it frequent interv als Vague 
\bdonunal discomfort becune focused about a growing lump in his right upjier abdomiii d 
quadrant He had been an ire of a single cutaneous spider for manx x o irs but had h id no 
prexious jaundice or hepatic disease 

Physical cxammalton Besides the obvious jaundice the most striking feature was the 
evidcnee of neiglit )o<?s, emphasized b> the high check bones and gaunt look The left 
liTcist was sbghtlv enlarged and tender Fluid distended the lower abdomen and flanks, 
over which ran a mc‘'hwork of tiigorgcd collaterd veins There was a large, firm mobile, 
nodular mass, visible and palpable in the right upper qu idrnnt, extending 10 iiuhes below 
the nglil cost il margin The sjiletn was also palpable 1 lierc were no hemorrhoids The 
skin was marked with a number of vascular spiders of several tjptb, which max be seen 
in the photographs (Figs 8-14) The large pulsaling one on his left shoulder had been 
present forycurs J hero was a faint p dmar cr^ themu which included the terminal ph ilanx 
of the fingers whicli also cxhilntcd clubbing of the uuls (Fig 10) During the course of 
hiSBtaj onthewards at a lime when the patient was going dow nhill rnpidh , an ancurv smal 
vessel dcvcloiicd on the conjunctiva at the same tune that two now spiders mide their 
npi>oarnnce in his skin (I igs 10 and 13) 

Chemical Studies The icterus index w is 32 the urea nitroKon 12 mg ^c. and the A/G 
r itio was reversed, the albumin licing 3 t ami the globulin 3 9 grams per 100 cubic i enti 
meters The row as not much change in the«c figures during the month he remained nndi r 
observation 

liinpsv 'iiwhcs \ fcction of flic lncr renunitl at an l•xpI^>^^torJ 1 iparolonn ro\ca1c<l 
till proaoiicc of a licpitoin i niperimposcil on rirrhoais 1 ho larpo sijidcr on 1 ho left slmtililor 
wai romoMil for atmls 

Coi,rse The (h-i w proproasod slnnlj \<.in,r Ihiid nociimid ifotl ami w is rtinorcd 
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several times. Ko new vascular spiders appeared at the site of the abdominal wound the 

In paracentesis. The patient was allowed to leave the hos- 

pital after tv o months and was sinking rapidly when last heard from. 

Comment: Several items of interest are to be noted in this case. One is the long period 
f the advent of a spider and the occurrence of cirrhosis. Another is the 

fact that nose bleeds had occurred shortly before the patient’s admission to the hospital. 
The differences in the sizes, shapes and contours of the several lesions, as seen in the photo- 



Fig. S. Case 4. Cirrhosis and hepatoma. This picture was taken a month ^ft®r the 
patient was admitted to the hospital. It shows the two spiders on the left shoulder, t 
conjunctival aneur 3 'sm, and the slightlj' distended abdomen. Note the deep pigmentatio 
of the nipples, and the questionable gynecomastia of the left breast. 

graphs, are also interesting. The development of two new spiders and an aneurysmal coil 
of vessels in the conjunctiva is noteworthy. Association of digital erythema and clublang 
of fingers has been pointed out elsewhere (17). Palmar erythema was also present. The 

emergence of a typical spider in eight days is illustrated. 

Case 6. A. W., a 15-year-old white school boy, was admitted for the final time to the 
medical service of the General Hospital on November 25, 1941, having been observed or 
six and a half years in the clinics, and on the pediatric and medical wards. , , j e. 

Family History: Of interest was a story the mother volunteered, that she had had r - 
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peatcd nosebleeds at the time of the inception of puberty and that tins tendency gradually 
disappeared after three years An aunt died of liemorrliage from some unknown site 
Several members of the family were examined but none had any angiomata of the spider 
type, nor was there any lesion of Osier’s disease. Tliere Mas no history of cirrhosis or of 

Past Ihstonj: This boy n ns the subject of careful study on the part of the house staff 
and numerous consultants He first came under observation in the pediatric clinic in 
June 1935, ■where the cause of a chronic low-grade fever was sought. The fever subsided 
but remained undiagnosed No spiders uere seen m the skin, and the liver »nd spleen were 



Flo 9. Cn«e 4 Cirrhosis nnd hepatoma A ‘‘clo^e-up*’ of the left shoulder showing 
the two vasculftT spiders The lower one, which had been present for years, pulsated 
vigorously, the upper one very slightly 


not palpable This patient was examined in the <linic again early in 193S, when ho com- 
plained of nosebleeds and fiomowhat later of blood in the stools. lie was first admitted to 
the hospital in June 193S, when it was found that he had severe hypochromic anemia and 
a li\er several inches larger than normal. Several typical spiders were seen, distributed 
over the forehead, left clieek. botli arms and hands. The conjunclivac were injected. 
Most notable was the proctoscopic inspection which revealed hve distinct angiomatous 
lesions, one of whiih had the same spider-Hke configuration ns the lesions in the skin. Its 
site and proi>ortions were also similar. Dunng tins slay in the ho‘»pit.al there were several 
noicldceds and on two occ.ismrn fresh hlnod was p.assrd per rectum. It w.aa tlie impression 
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of those on the pediatric service that the patient had hereditary hemorrhagic telangiectasia, 
although a lone dissenter considered the condition to be cirrhosis with accompanying 
cutaneous spiders. Following his dismissal from the hospital the patient was treated in 
the pediatric clinic with small doses of iron. 

All went well until August when he began to notice bleeding from the penis. He was 
again admitted on September 2, 1938. At first it was suspected that he might have mucosal 
telangiectases in the bladder, but instead there was an angiomatous lesion on the foreskin. 


Fig. 10. Case 4. 


Cirrhosis and hepatoma. This pic^ 

vessel and the clubbed lingers 


There was no more bleeding following circumcision, prothrombin time 

charge from the hospital, iron therapy f 20, 1938. The only 

His third entry was occasioned by a . meshworks of telangiectatic vessels 
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showed the some lesions in the rectal mucosa. The liver was thought to be a little larger. 
Tlio patient was discharged after local treatment of the nose. 

Visits to the clinic became less frequent His mother noticed that the iron caused epi- 
sodes of diarrhea which would end when this treatment was discontinued. The alternation 
of iron therapy and diarrhea persisted for almost a year. ^ 

The fourth admission occurred on December 11, 1039 when the mam symptom was 
diarrhea which no longer censed when the iron was discontinued. The stools often con- 



Tkj 11 Case 1. Cirrhosis and ho|Mli>mn Sovoral small spiders on the hack 

ol the left hhonlder and npper arm. Smee this photoprapli ^^a8 made %\»lhmit oil on the 
Bkin, It docs not reveal tlie rnilieles clearly but ki\os a eood idea of the natural npiiear.ujce 
of tlie lesion 


tained hlood 1ml nou for the first time the rectum ^\as free from IclnnKieetases Of special 
note \sas the fact that all hut four of the cutaneous spiders had ihsappenrcil uheroixs in the 
previous jear there had been 13 eliarncterlstie one«. The liver was still larRer, eominj: 
down sliKhtly more than a liand’s breadth below the nb'*. For the first time the spleen ua*» 
felt . KoentKen stmly uav c suirKcstive tlmupli not conclusive evidence of esophuRcal varices. 
With irnn-sfusions and supportive treatment the pulieiit improved and was sent borne early 
in tVlinvvry IhlO All obsers era agreed that he had eirrho«is. At this time his w eiRhl v\ ns 
tn ponii(l« When seen in the eUme on April 5, 1910. it nas found that all the cutaneous 
spiders had dip*ipi>enred. leavinK faint traces of brown pipnent and atrophic skin whicli 
could Ih' found only by identifjiiiK the repons previously mapped on tv chart llis bemo- 
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Fig. 12. Case 4. Cirrhosis and hepatoma,. A typical medium-sized spider on the bad 

of the right shoulder 



Fig'. 13. Case 4. Cirrhosis and hepatoma. This picture shows one of the new vascular 
spiders which had appeared along the left anterior axiilar 3 ’ line eight days before. It 
was not present two weeks previously when the picture in Figure S was taken. 

globin was 10.4 grams per 100 cubic centimeters. From Maj' till September he continued 
to have frequent stools which were watery, light brown, flecked with blood and mucus, 
and foul smelling. At times clots of blood were passed. The number of stools varied from 
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eight a day to an uncountable, almost constant diarrhea. There n as one episode of vomit - 
ing blood. He lost 17 pounds . . 

The sixth entrj' to the wards as on September 11, 19-11. X-ray and proctoscopic studies 
gave evidence of an advanced state of colitis i\itb ulcers, sloughs and shreds of mucus from 
the colon which liad become semi-rigid and pipe-like. Inspection of the rectum was dif- 
ficult because of the tenderness and advanced maceration of the skin, but nothing re- 
sembling a spider was seen. None remained on the skin It was remarked that physical 
and sexual development had progressed little for several years. There was almost no pubic, 
axillary or facial hair. The penis and testes w ere very small and the body generally stunted. 
The lixer had shrunk so as to be barely palpable, and the tip of the spleen was felt with 
difficulty The red count was 2 S million, and hemoglobin 5 4 grams per 100 cubic ccnti- 



Fio. 14. Case 4. C’-”* • t . ♦ pj^ipp back of the neck with 

elevated shiny center, ’ radicles arc seen but instead, a dif- 

fu«eiy ted area fading resemblance to a pimple is clear. 

meters Transfusions, xitamins, and a high caloric, high xitamin diet low in fat brought 
about some temporary improvement. The patient went home for a few days but the dis- 
tressing rectal incontinence and alarming asthenia brought him in for a final time. 

The last admission u ns on No\ eml>er 25, 1911 . There a\ as no change except for a gen- 
eral deterioration. After elabornto efforts to build him up, an ileostomy w’as pcrfornioil 
on Dcccmljcr G. For 12 days, to everyone's surprise, he seemed to improve, but an ob- 
struction developed just above the ileostomy opening. A second o;KTation w.a8 successful 
in overcoming this complication, hut a week later the sy rnploms recurred and tlic patient 
died vvitliin 24 hours 

Axihpty confirmed (he diagnosis of cirrhosis and ulcerative colitis. There was wide- 
spread jwritomtis- Microscopic sections showed some unusual dilatations of the smaller 
portal vessels within the liver. 

Comificrit: This patient’s course illustrates many of Uie vagaries shown by vascular 
“pidcrs. Protracted iron-deficieney anemia followed repeated bleeding, prcsum.ibly from 
the mucosal lesions Tliis is the only instance included in this t-cries of vascular spider 
occurring on the foreskin. The disappearance of vasrular spider^ in the presence of pro- 
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pessing hepatic disease is also of interest. The early confusion with Osier’s disease is of 
importance, because it is possible that such cases have been responsible for the confusion 
of vascular spiders and hemorrhagic telangiectasis. Dilatation of small portal vessels 
in the liver has been observed before (115), although the nature of this change is obscure. 

Case 6. 125847. W. T., a 61-year-old white man, was admitted to the General Hospital 
on August 1, 1939 for treatment of his enormously distended belly. The history of al- 
coholism dated back to the age of 27 years, at which time he had begun to drink whiskey 
every day. One year before admission to the hospital he had had a spell of jaundice and 
fever, but no pain, and had remained in bed for only a few days. His drinking had been 
steady and his daily quota of hard liquor ran over two quarts, according to his story. 
His food had been deficient in meats and vegetables, consisting largely of carbohydrates 



Fig 15. Case 6. Cirrhosis. This photograph shows the large vascular spider above 
the clavicle Branches of the fourth and fifth order could be seen with a magnifying glass, 
but in this picture some of the apparent branches are artifacts resulting from the super- 
imposition of several radicles streaming out m slightly different planes. Several additional 
small spiders may be seen. 

and alcohol, although he probably ate more than the starvation ration he claimed as a diet 
Some two months before he came to the hospital he noticed an insidiousl}'" advancing weak- 
ness and malaise which he associated with an increase in the size of his already amp e 
abdomen. Shortness of breath confined him to his bed and a week before entry an irreduc- 
ible edema of the ankles developed. He was unaware of his spiders or of the mild jaundice, 
and his mental state was such that his history was considered unreliable as to detail, 
was found later that during the two months before admission to the hospital, he had een 
given several injections of neoarsphenamine by a private physician, who found that he la 

serological evidence of S3^philis. . „ 

Physical examination was complicated b 3 >^ the semicomatose state of the patient, 
was breathing w ith stertorous gasps, and the odor of hepatic coma was on his breath. lere 
was definite though mild jaundice. Bulging of the flanks of his abdomen was extreme, am 
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a great accumulation of ascitic fluid was evident. There were eNtens.ve co iateral ve ns 
over the lower abdomen. The liver was enlarged, hard and knobby. A few hemorrhoidal 
tags remained. The collection of cutaneous vascular spiders was notable for number, size 
and variety. Forty well-diflcrcntiated lesions were counted, and many incomplete ones 
■\vere formed by aggregations of prominent vessels which marked the skin. 



Fio. 16. Case 7. Cirrhosis of the liver. This nnil the two succeeding photographs 
were taken after the patient’s second lulniission to the hospital, shortly before death. 
Several large, typical spiders may be seen above the left clavicle and on the shouhlcr. 
Smaller salellitea appear toward the mesial aspect of the clavicle, and there arc continu- 
ous nntwtomosos between some of them. Note the spotly pigmentation over the shouhler. 
The two large spiders were removed at autopsy for histological study. 

/..(jhoroforji tests confirmed the cUnical diagnosis of liver discjuse. The icterus index was 
17; 50% of the bromsulphalciii was retained 30 mimile.s after injection; and the scrum 
uUmmin was only 2.6 grams, compared to the globulin of 4 .0 grams per 100 cubic centimeters. 
Illood urea nitrogen was 27 mg. jicr 100 cubic centimeters. The Kuhn reaction was positive. 

Course: Following several abdominal paracenteses and supportive treatment, a tem- 
porary remis-sion sot in and the patient wasuhlc to go home fora few days. He lapsed into 
coma onre more, was readmitted and died in a short time. No persuasion could elicit 
permission from the suddenly devoted family for an aiitonsy or removal of a spider. It 
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Comment: Two points deserve emphasis There wAro c^-a , 

the „„ ,,, vei 

% of the cases in this senes. The other unusual finding was the enormous size of the 
S ” T"?" *'’7® ‘‘■'"6'“ ""'e'e- It eeeU be seen as well ns fell, to pulsate. ELily 

Sn telf ervth t fl a “ tlie-etet end the skin .,s 

dLretef ‘bto-Shout . roughly circular area 10 centimeters in average 

fp?^ im °I ‘I'f ■"•otosoopic structure may be studied from the photograph 

{t* Ig. 10) . I have seen only one vascular spider of greater dimensions. 

Case 153800. C. de B., a 36-year-old white male bartender, entered the medical 
service of the Cincinnati General Hospital on September 10, 1941, complaining of painless 



Fig. 17. Case 7. Cirrhosis of the liver. Several of the large, pulsating spiders with 
elevated centers present on the face may be seen in this picture. The details of the branches 
are not clear, but the actual appearance has been reproduced very well. 


jaundice and ascites. He ivas accustomed to drink prodigious quantities of alcoholic 
beverages of any kind, supplemented ivith sundry non-potable forms of commercial prod- 
ucts, including hair tonics, rubbing alcohol, various denatured alcohol and anti-freeze 
mixtures. His feats were acclaimed by his admiring companions whom he surpassed 
regularly. The history of alcoholism encompassed his adult life. For six years he had been 
given antiluetic treatment with arsphenamines and bismuth, more as the therapeutic urge 
struct his fancy than according to the physician’s plan. His diet had been neglected ha } • 
About a year before he came into the wards he noticed abdominal swelling, edema of the 
ankles, and jaundice, although he was still able to continue drinking on a somewhat re- 
duced schedule. He visited the clinic at this time, and the diagnosis of cirrhosis was made. 
No cutaneous spiders were observed. During the two months before his admission^ _ 
the house a recurrence of ascites and edema of the ankles was associated with difficulty m 
breathing on trivial exertion and he remained in bed most of the time, hlild jaun i 
was noted. These troubles progressed steadily up to the time he came into the hospita . 
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Physical examination of this chronically ill, emaciated man pve unequivocal evidence 
of cirrhosis. The abdomen was tensely swollen and not untd some of the ascitic flu d 
was withdrawn did the bas-relief of collateral veins stand out prominently I 
of the liver indicated that it was much reduced in size and its edge could not be felt, no 



Fio. 18. Case 7. Cirrhosis of the Uver. ,1. (Upper) An onlinafy photoKrapli of thu 
riRht arm at tho clhoNV, showing tho hotly of ti large spider near the ccift(.’r of thi!; •urea sur- 
rounded by a superfirial vein or venous wlexus. It. (I^ouer)’*. A picture of the same site, 
taken by infra-red photograjiliy. Xolc tlie failure of the spider to upiicar whon^tlns tccli- 
nique is employed. (Its location can be identified by trar;(»a of adhe.sivo tape in tlie untc- 
ru\)ital fossa.) This constitutes unequivocal proof of the arterial nature of the spitler. 
(See text, under physiology). '• 

tn, • ’ 

was the fiptecn palpable. There was filight jauiulice. The upi>ei; pijrt of the body was 
flecked with vascular spiders. Other parts of the body were covered with “(laper money 
skin.” I’tloma of the lower legs was prcstMit. ' j 

Ldbnratanj sIikHch showed an icterus index of 15; a serum albumin of 2.7, globulin of 
0,1 gram.s per UW cubic centimeters of blood; and a positive Kahn reaction. 

The conr«c wa.s favoralile, and at (lie end of 10 ilays the p.aticnt went lionio “a.w.o.l.” 
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Treatment had consisted of removal of ascitic fluid and a diet rich in protein and carbo- 
hydrate, poor in fat, with supplements of nicotinic acid, riboflavin and thiamin. 

i-he mterval hetweGU hospitalizations mtnessed a return to his urgently interdicted 
on Marcr7‘*'^m2‘' hospital, comatose, with ascites and jaundice, 


^ Examination revealed an abundant new crop of vascular spiders and an increase in the 
size of the old ones. Both types are seen in Figures 16, 17, and 18. Three spiders were 
on the usually uninvolved legs where none had been found during the first admission. 
A total of 83 typical lesions was found, an increase of 40 over the number found on the 
initial admission. Palmar erythema was now present. Among the numerous chemical 
studies, 40% bromsulphalein retention e.visted 30 minutes after injection, the icterus 
index was 21, and blood urea nitrogen was 40 mg. per 100 cubic centimeters. The albumin- 
globulin ratio was substantially as before. The patient failed rapidly in spite of the vita- 
min-dextrose treatment. He died in coma a few days after admission. 

Autopsy confirmed the diagnosis of advanced atrophic cirrhosis with the liver divided 
into two small nodular lobes by bands of fibrous tissue. The spleen was small and fibrotic. 
Many of the spiders were removed for serial section and histological study. 

Comment: This case was notable for the large number of spiders, their rapid increase in 
size and number, and their unusual distribution. Together with the palmar erythema, 
the red areas of the skin involved a substantial portion of the body surface, perhaps as 


much as one-fourth. 


THE VASCULAR SPIDER IN PREGNANCY 

Review 

So far as I have been able to determine, the first observation of spiders ap- 
pearing during the course of pregnancy was recorded by Corbett in the British 
Journal of Dermatology, in 1914 (52). He stated that he had seen spider 
angiomata appear in the skin during pregnancy and disappear entirely after its 
termination. This note has remained in oblivion since its interment. 

Fibroma molluscum gravidarum^ which was carefully studied and pictured 
by Bricker in 1906 and 1913 (33, 34), is possibly a related phenomenon.' 

Ward (183) has written of “multiple pigmented warts” in pregnancy, but 
neither he nor Brickner made any mention of pulsation. It is improbable, 
however, that it was specifically sought. Brickner’s second article (34) contains 
speculation about the possible relation of the lesions to glands of internal se- 
cretion. 


® Although this lesion is distinct from the cutaneous arterial spider, there is much simi- 
larity between it and an unusual form of spider not described in the literature, « uc i 
have encountered in two pregnant women who had typical cutaneous spiders in a i lo 
It was characterized by prominent elevation, a warty or gristly texture, and « 
sisting of a coiled central artery with definite pulsation. The alternate fading and flusliing 
could be seen beautifully by depressing the surface with a glass slide. In both ^stance 
the atypical lesion appeared and disappeared simultaneously with those of the usual v.ar 
ety. Unfortunately, I was not able to persuade either patient to part with her s r g 
stigma and so can only speculate about its structure. Never having seen the erupt 
fibroma molluscum gravidarum, it is not possible to say whether the lesion describe . 

belongs in this category or is something entirely different. nl^menlcd 

I have observed a pronounced erythematous change in and around ordina j p ^ 
moles during pregnancy in women simultaneously marked with ' jjers 

In one case pulsations could be felt. This erjdhema and the associated vascular spi 

faded simultaneously post partura. 
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The next note on cutaneous spiders in pregnancy was presented by Zeisler 
(191). He was impressed with the possible r61e of syphilis as a causative agent. 
A more detailed description by Konrad (108), in 1925, called attention to the 
appearance of telangiectases on the face, neck and arms during the second 
month of pregnancy. This is the first emphasis on the distribution so char- 
acteristic of the acquired cutaneous spider in pregnancy as well as in disease 
of the liver (See Kigures 1 and 2). The abrupt fading or vanishing of these 
marks in the postpartum period was observed. In the next year a similar finding 
was reported in a woman who had a pituitary tumor (7), and the possibility was 
considered that an endocrine disorder might be responsible for the skin lesion. 
Two examples of spiders in pregnancy were encountered by Urbach (181), who 
described the vascular lesions in detail. They vanished shortly after the end 
of pregnancy. 

The first indication of a possible familial tendency was pointed out by Gougerot 
and Meyer (85), who observed the appearance of typical spider-like angiomata 
during the fifth month of pregnancy in four consecutive gestations, in a woman 
whose two sisters had also acquired spiders during pregnancy. Because of the 
history of syphilis in the family, they believed the lesions to be stigmata of 
hereditary syphilis. Distribution on the neck, arms and hands was noted. 
There were no mucosal lesions and no tendency to bleeding. No comment was 
made regarding pulsation. 

Another report (149) described a case in which spidci-s were not present 
during the first and second pregnancies but appeared in the third month of the 
next pregnancy, occurring on the neck, chest and arms. The paper included a 
description of spiders of several varieties and sizes, with the larger ones typical 
in shape, having an elevated central boss and a peripheral anemic halo. The 
authors believed the distribution was related to the cutaneous nerves arising 
from the brachial plexus. 

Forman (71) described a case in which the woman acquired spiders early in 
the second month of each of eleven pregnancies, all of which ended disastrously 
with delivery of a stillborn fetus before term. The spiders faded rapidly within 
a week after labor. He, too, believed that an endocrine disturbance was respon- 
sible. In addition, the coming and going of cutaneous spiders concurrently 
uith the wa.xing and waning of sj'mptoms in a patient with peptic ulcer was 
noted. 

ngnes, Ilanoun and Vial (181a) have reviewed the European literatu.-e on 
spiders in women during pregnancy and have rccortlcd their familiaritv r.rth 
this innocuous phenomenon. 

Walsh and Becker (182) in tlieir monograph on eiythema palmare and s.vmi.s- 
armeus-liko telangiectases gave full description of six Cc-iscs in whici vascular 
spiders developed during pregnancy (in four, palmar erythema was prrr-cnt). 
In some of the patients spiders had been prc.sent before pregnanrr, Thcfio. in 
whom they appeared during prcgn.ancy observed their advent from 

Ujo third to soventl> month. Spiders tended to parallel the prlrl-o'-rihema 
in the time of on.T;t and fading, but there were some cxceptionr. 'K* 5 >o'»utho-' 
discussed the number, sire, configuration and distribution of tb. twa Kr"Bpjd£'- 
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and for the first time arterial pulsation was looked for and found in the spider of 
pregnancy. ^ Their investigation included inspection Avith the capillary micro- 
scope and histologic study. A low-power view of one of their biopsy specimens 
gives an excellent idea of the two types of vessels encountered, the thick coiled 
stem artery in the subcutis branching directly into “veins” of comparable 
size.’' These authors have in preparation a more detailed description of the 
finer histology of their serial sections, a pubUcation which is awaited vith 
interest. They did not find any evidence of hereditary tendency except in the 
cases presenting palmar erythema, nor did they see any indication that the 
spideis had followed the often evoked “minor trauma” such as mosquito bites, 
pinpiicks and the hke. There was no incrimination of syphilis or disease of 
the liver. They believed the most probable cause to be some endocrine dis- 
turbance. Nemnan (134) has made the most specific statement regarding the 
cause, which he believed to be an increase in blood volume plus the effects of 
the hormone progesterone. 


Observations 

The neglect of the vascular spider by obstetricians is surprising since this lesion 
is a cosmetic nuisance occurring in pregnancy often enough to attract attention. 
Little systematic investigation of it has been recorded, however. The cases 
reported in this paper number 41. Some were seen casually, but enough have 
been studied with care to enable the VTiter to form a general idea of their preva- 
lence, and of their striking changes during and after gestation. 

It is uncertain when the spider makes its appearance in pregnancy, but my 
own observations indicate that most women who have them first notice their 
presence at some time between the second and the fifth month.® This agrees 
with the data in the literature cited above (71, 85, 108, 149, 181, 182, 191). 
Usually spiders are thought to be pimples or acne lesions, and many women 
traumatize them, occasionally causing a severe hemorrhage, to their surprise, 
Oftener they are covered with face powder. Rarely they are feared as a ma,ni- 
festation of some malignant disease, or dreaded under the mistaken notion 
that they are a token of syphilis. 

’ This they termed an arteriovenous anastomosis, but did not point out that it differs 
from the true arteriovenous anastomosis in having a multitude of “veins” branching 
a central artery, and in the continuation of these “veins” into a capillary bed before e 

blood is conveyed away in true veins. -r f a 

® One very striking exception to this general rule has been observed by the mie o 
colleague whose interest in spiders is both personal and general. She observed vascu ar 
spiders on her face and arms about the middle of the first pregnancy. These faded soon 
after the child was born and were entirely gone two weeks post partum. In a secon preg 
nancy, for which the date of conception was certain, a spider on her face suddenly reap- 
peared 10 days after the date of conception, and three days before the menstrual perio 
was due. From this she made the diagnosis of pregnancy, which later was amp y c 
firmed. This lesion enlarged slowly throughout gestation, and others appeare a • 
It was lost to view three days after delivery although it could still be felt, but 
remained on the sixth postpartum day. This spider did not reappear in a third pregn 
although many new ones were seen. 
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The habit of the vascular spider in pregnant women is to enlarge slowly until 
term. New ones may appear at any time during the seeond and third trimesters, 
and those already present tend to increase slowly in size. There is an abrupt 
decrease in size and number at, or a few days prior to, the time of delivery and 
during the ensuing ten days or two weeks. The smaller ones disappear without 
leaving a trace, and the larger ones either diminish in size or vanish during the 
period of uterine involution. These residual spiders often undergo a gradual 
decrease in size and number (for at lea-st three years after pregnancy) which at 
length leaves the skin clear. Some persist. 

TABLE 4 

PeTceniagc dutrihution of spiders in hepatic disorders 


Percentage 

race 10.0 

Ears 0.3 

Neck 12.5 

Shoulders 17.5 

Upper arms 17. D 

Lower arms 3.4 

Hands (dorsum) 1.8 

Hands (palms) 0.1 

Fingers 0.4 

Thorax (front) 28.1 

Thorax (back) 7.5 

Abdomen 0.2 

Buttocks 0.1 

Thighs 0.1 

Feet and toes 0.1 


Distribution of 1720 spiders in 91 cases of hepatic disorder. The figures on which the 
percentages were based represented the maximum number present at any time. The 
greatest number of spiders seen in a single subject was 124. Several persons had but a 
single lesion. The average number was 19 spiders for each subject. 

✓ 

There are slight dilTerences in the distribution of these lesions in pregnancy 
as compared with other conditions. Tliis may be seen in Figures 1-5 and Table 
4. Too much weight must not bo placed on these observations, however, as 
tliey are relatively few and in many cases not complete. 

There is a strong tendency for vascular spiders to become established when 
pregnancies arc repeated at short intervals. In such ca.ses a spider may grow 
to a larger size with each succeeding pregnancy, and fade only partially in the 
interim. Because of shortness of the study it is impossible to say whether tlioy 
become permanent, or gradually fade away after termination of the child- 
bearing period. 

1 h.ave noticed a few instances in which vascular spiders occurred in the 
infants of motlicrs who liad acquired .similar lesions during pregnancy.* This 
is not invariably tnic, nor docs it necessarily follow that one of the parents 

•This hns occurred in children of both sexes. 
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Will be found to have spiders, when they are present in a child. There appeai-s 
to be an hereditary factor in many cases, however. 

Palmar erythema may be associated ndth the vascular spider in pregnancy, 
and in some instances may be very well marked (182). It has been unusual 
in my experience but has not always been looked for. 

The morphology and physiology of spiders in pregnancy do not present any 
. essential distinction from those of the other types discussed. The location, 
pulsation, color, shape, size, warmth and other factors appear to be substantially 
the same. 

When vascular spiders were observed to appear during pregnancy it was 
supposed that some toxemia or hepatic disorder was imminent, or smoldering; 
but in these patients no untoward episode marred the course of an uneventful 
pregnancy. The lesions vanished or faded during the early postpartum stage. 
Therefore it was natural to suspect that the advent and disappearance of these 
small subcutaneous arterial lesions bore a relation to the endocrine tides whose 
normal ebb and flow is so spectacularly altered during and after gestation. 
The time-relationship suggested placing the blame on estrogenic substances or 
at least on the 17-ketosteroid hormones, for the estrogens are at a liigher level in 
the blood during the period of pregnancy when the spider is likely to blossom 
forth (13). Since there is no general agreement regarding the significance of 
urinary estrogen levels as a gauge of the total circulating estrogens or the rate 
of their liberation into the blood stream, the hypothesis suggested (15, 16, 17, 
18) did not have anj"- study of endocrine metabolism to support it. 

Nothing in the persons studied here has indicated a relationship of these 
spiders to hepatic disorders, malnutiition, alcoholism, or any of the toxemias 
of pregnancy. Only one of the 41 women had ever had jaundice. In several 
cases the women were certain that spiders had antedated pregnancy, even though 
they had enlarged or become more numei’ous during its course; and there is no 
reason to doubt this observation. Much more information is needed on the 
exact time of the appearance of spiders in pregnancy, the suggested endociine 
back-ground, and also the tendency to predisposition and familial occurrence. 

THE VASCULAR SPIDER IN PERSONS WITH VITAMIN-DEITCIENCY DISEASES 

Review 

The vascular spider has never been described as a stigma of any vitanun 
deficiency disease. No reference to it as such appears in the medical wTitings 
on pellagra recent^ reviewed (19). There are a few remarks on telangiectases, 
however, and spiders may have been included under tins classification, h ajoc 
chi (121) observed telangiectasis in alcoholic pellagrins in 1899; and the sus- 
picion is ob\dous that cirrhosis and pellagra may have resulted from addiction 
to alcohol. The changes in the vessels of the skin may thus have been secondary 
to hepatic dysfunction. Marie (1910) mentioned a pellagrous woman ‘ covere 
with telangiectases,” without further comment (122). Feamsides (66) vro 
a paper entitled '‘Telangiectases in children in association with unstmg an 
protracted diarrhea” (1912). Some of the children had comphcatmg deticien y 
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diseases, but tliere was no evidence of hepatic disorder. One may surmise that 
some of the lesions described were indeed vascular spiders since Feamsides 
commented on the same phenomenon in adults with cirrhosis. Alessandrini 
and Scala (4) described a woman witli pellagra who had “venous ectasis on the 
nose and cheeks,” but did not elaborate further. These brief notes, buried in 
discussions of other topics, constitute the only record of telangiectasia in vitamin- 
deficiency diseases. That they have been noted casually may be significant. 
Such comment had faded from contemporary medical literature on the subject 
until recently (15, 16, 18, 26, 27, 28), when it was revived mving to a possible 
relationship bctu'een these diseases and to endocrine function. 

Observations 

Data collected bn the persons studied contain no decisive evidence by which 
to differentiate the vascular spider of normal persons and that encountered 
among the ill nourished folk seen in the Nutrition Clinic in Birmingham, Ala- 
bama, during 1940—11-42. Spiders have been observed in association with 
angular stomatitis, conjunctival and corneal vascularizations (riboflavin-de- 
ficiency syndrome) more often than witli deimatitis, glossitis (nicotinic-acid 
deficiency) or peripheral neuritis (thiamin deficiency). In a number of in- 
stances they increased in size or number during the season of exacerbation of 
the associated deficiency syndrome. Often, however, there was no parallelism; 
and in two subjects spiders disappeared at the time when the symptoms of the 
vitamin deficiency were growing worse. Some new spiders appeared during 
or after successful revival of health following restoration of specific vitamins 
and other factors lacking in the diet. By far the greatest number of patients 
showed no change in the spiders tliroughout the three seasons during which 
they were under observation, regardless of the clinical course, the nutritional 
status, or the treatment of the patient. 

A familial tendency to vascular spiders was strongly marked in the 120 
Birmingham subjects. In 58% of those whose families were adequately ex- 
amined, spiders were found in parents or siblings. They had been observed 
by the patients in only 13% of the cases so that a negative history is to be looked 
upon with some suspicion, unless verified by inspection of the persons imder 
consideration. It is difficult to reconcile the familial tendency' with the belief 
that vascular spiders arc in some way a consequence of malnutrition, unless they 
be caused by a prolonged action operating over generations. Perhaps it indi- 
cates a somatic weakness which is also manifested by a susceptibility to the 
damage caused by .specific dietary deficiencies, although there is no cogent 
testimony favoring this idea in the patients studied. That typical- cutaneous 
vascular spiders were found in approximately 10% of all patients thoroughly 
e-xamined may not be of great significance; the rate in “normal” persons also 
may bo higlier than generally supposed. Since no study was made of a cro.ss 
section of normal i)ersons of the racial stock and environment from which the 
chcntele of the Nutrition Clinic was drawn, there is no evidence for or ngamst 
a theory- of hereditary tendency. The only material for comparison, that 
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observed in routine physical examinations of more than a thousand men between 
the ages of 21 and 28 years (Selectees for the Armed Forces) revealed one or 
more vascular spiders in 5.6 per cent. Males in the third decade of life are 
represented with singular rarity in the Birmingh^ group, so that this com- 
parison is hardly valid. 

There are several features of vascular spiders as seen in patients with nutri- 
tional deficiency disorders which call for comment. They were much fewer per 
person than in patients writh chronic disease of the liver. Ordinarily they 
were small, having only a few visible branches and a small erythematous macule. 
Few could be felt to pulsate although occasionally pulsation was veiy forceful. 
The pressure needed to obliterate them, as determined by means of the capsule 
technique (see Physiology), was in the same range as that recorded for spiders 
in hepatic disease, although the average of the recordings in nine persons was 
10 nun. of Hg. below that for the group ^vith cirrhosis. A difference in distribu- 
tion was found (Figs. 1-5) with a higher proportion of spiders on the hands and 
arms and fewer over the trunk than in subjects with hepatic disease or preg- 
nancy. In. no single case was a lesion found below the level of the diaphragm, 
and they were very rare on the trunk. The distribution of vascular spiders 
also differed among children, adolescents and adults (Figs, 3, 4, and 5). Be- 
tween the ages of 1 and 10 there was a preponderance of lesions on the back of 
the hands and arms, with relatively few on the face. After the age of 20 the 
face and neck were involved predominantly. In adolescents the distiibution 
was intermediate, striking a fair average between the two extremes. The mean- 
ing of this phenomenon is puzzling. It would be interesting to know w’hether 
these children ■will lose some of the vascular spiders on the upper extremities 
and acquire new ones on the face and neck as they grow' older, I have been 
able to find no report on the exact distribution of spiders, or other telangiectases 
or angiomata, according to age groups. Certainly there is no analogy between 
this finding in deficiency diseases and conditions in chronic hepatic disease, for 
in the latter the same distribution obtains in the young, middle-aged and old (IS). 

The part played by multiple deficiency of the B-complex vitamins in per\'’erted 
function of the liver in man is mostly unexplored. Several experimental ani- 
mals suffer hepatic disorders, even fatal ones, when deprived of their ordinarj' 
requirements of certain vitamins (103). Because a diet rich in the B-vitamms 
and high in carbohydrate and protein has proved to he efficacious in treating 
human cirrhosis (148), it has been suggested that cirrhosis belongs in the cate- 
gory of the deficiency-disease syndromes. Alcoholic pellagra is believed 
be caused by a reduced intake of the dietary factors which ordinarily preven 
pellagra, for ^ritamin-free alcohol does not carry'" precursors of enzymes to re^ 
late the metabolic fire it fans. The alcohol addict who eats heartily and wi 
regularity does not get pellagra. Fatty livers were found more often than cou 
be explained by mere chance in pellagrins who died in such numbers be om 
the days of specific therapy (Harris, 121). Cirrhosis was not rare, but ^ ^ 

usually better reason to suppose that it was a contributory cause rather an 
sequel or part of the peUagra syndrome. In endemic pellagra, cirrhosis 
uncommon (19). 



CUTAJ>EOTJS autemal spideh 


285 


Aside fiom atumal expenments, clinical observations suggest that some func- 
tions of the liver are ciippled by prolonged dcpmation of essential B-vitamms. 
A non-alcoholic pellagrm may occasionally c\ciete large amounts of poiphynns 
m the unne, and this may be corrected by the admimstration of nicotinic acid, 
yeast or crude liver extract Since porphyrmuna of this type is common in 
hepatic disease, this fact suggests that the liver is disoiganized m some victims 
of advanced pellagra The liver may be mcapable of carrymg on normal dextrose 
metabolism m pellagra Jaundice and other indications of liver malfunction 
in alcoholic pellagra point to the same conclusion The presence of fatty and 
otherwise diseased livers after death from pellagra adds its testimony Finally, 
in cirrhosis the vascular spider may appear as a herald long before other signs 
of disease of the liver are present Foi these reasons it is not possible to ex- 
culpate hepatic disease as the agent provoking the vascular spidei found in 
association wath well recognized deficiency disease 
The recent work of Biskind and Biskind (24-28) offers a tempting explanation 
for the occurrence of spiders in the group under consideration In a senes of 
expenments they have shown that estrogens are not inactivated, destroyed, or 
excreted adequately in animals depnved of an ample supply of B-complex 
vitamins At the same time the metabolism of androgens is not compromised, 
so that there is an imbalance m the estrogen androgen ratio Thus if it be true 
that a high level of circulating estrogens is causally related to the emergence 
of the vascular spider, these cases might be cxplamod Although exceptions 
were frequent, the vascular spiders m the malnourished patients did not regularly 
increase in size or number dunng a relapse, or decrease dunng a i emission of 
the vitamm deficiency, whereas in cirrhosis the size and number of spiders 
usually varied directly with the clinical course of the disease, iiici easing before or 
dunng relapses and declining m number and size with a return of better health 
In the patients with deficiency disorders cure of the disease was not regularly 
followed bj change in the spiders (at least not within two jears) The subject 
IS one of importance because of the fact that many of the signs of deficiency of 
the B-vitamins are pnmanly or initially vascular, involving the small artcncs, 
artcnolcs and capillanes (dermal erythema, glossitis, corneal and conjunctival 
vascularization) The lag following riboflavin therapy before the cheilosis or 
keratitis improves suggests tint some intermediate step occurs Improved 
hepatic regulation of the circulating hormones might act in such a mannci 

One further point m this regard may be mentioned Women with incipient 
pellagra hav e v arious menstrual disturbances, most frequently ext cssiv c bleeding 
between or during their menstrual periods (13) Amenorrhea is usual when 
pellagra is manifested bv diagnostic lesions Ivo jielvic lesion has been demon- 
strated m such cases Hus strongly suggests an endoenne disturbance, which 
might result from the hvei’s failure to keep the estrogen-androgen complex 
in balance 

Unless It can be established that the .vascular sjiidcrs occurring in the Bir- 
mmghim group have resulted from the evils of malnutrition accumulated over 
generations, it is difficult to account for them on the basis of an increase m 
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circulating estrogens, a common factor underlying those in pregnancy and in 
hepatic diseases. Until more observations are made or the liver is specifically 
impKcated, the most reasonable conclusion is that these stigmata have no es- 
sential relation to the vitamin deficiencies with which they have been associated. 
If such should prove to be the case this group would fall into the category of 
vascular spiders occurring in well persons, without any of the usual predisposing 
causes. 


THE VASCULAR SPIBER IN NORMAL PERSONS 

Review 

The emergence of the vascular spider as an entity separate from other small 
dilatations of the vessels in the skin of normal persons cannot be assigned to 
any specific time or author. Von Grafe coined the term telangiectasis in 1807, 
but did not remark on spider-shaped lesions. There is a large and fantastic 
literature on the subject of birth marks, or mother’s marks, sometimes called 
“envies” because it was held that they resulted from some jealous passion of the 
mother during pregnancy. Others believed they were an indication of the 
noisome influence of a malevolent witch. Most of the records contain -little 
about the exact appearance of the lesion but are devoted to speculation concern- 
ing the hypothetical forces alleged to have caused them. They are irrelevant 
here. An interesting discussion of various deirnal vascular lesions may be found 
in the works of John Bell (21) (1826), although he was not above echoing some 
of the prevalent superstitions about them. Watson (186), writing in 1839, 
suggested a relationship between telangiectasis and arteriovenous aneurj'sm. 
He was the first to imply that a nevus or telangiectasis might be analogous in 
some ways to the post-tramnatic arteriovenous fistula. 

Besnier and Doyon (23), in a footnote to their translation of Kaposi, described 
telangiectases pontues stellaires, but did not discuss any clinical relationslups. 
Marshall (125) reported the case of an infant who was bom A\fith many lesions, 
some evidently vascular spiders_, many of which disappeared as the child^ grew 
older. The tendency for birth-marlcs to fade has been kno^vn since antiquity. 

Among the vascular changes which have been found in association with spidera, 
the costal fringe has been noted especially by Osier (137) and Rolleston (161, 
162). This must have been a commonly discussed phenomenon although 
have not seen any specific mention of it prior to an article entitled “Vasomotor 
Ataxia” written by Solis-Cohen in 1894 (170). This author showed that the 
costal fringe was by no means confined to patients vdth cirrhosis but occurre 

in other diseases and in healthy subjects. . . 

Jonathan Hutchinson, in his Archives of Surgery (99), reported a ypica 
example of the vascular spider or nevm araneus in a healthy subject, an gave 
a- scholarly description of its clinical features. He stated that such ^ 
dignified by the title of Nems Aranarius, was weU known to the older Bng^ 
surgeons, but no reference was given and it has not been possible to rac • i 
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doivn. He also remarked that spiders pulsated, blanched ivith pressure, and 
filled instantaneously upon release. They were said not to occur in very young 
children but were found frequently after the age of five years. He had seen 
more in children than adults; and more in females than males, which he attrib- 
uted to vanity. The tip of the nose was a favorite location, in his experience. 
He recommended cautery for their removal. 

Ktzwilliams (70), in 1911, noted the centrifugal flow and also found that 
pressure on the spider caused it to fade. When the pressure was released the 
color reappeared first at the center and spread rapidly to the periphery. He 
believed that there was some peculiar relation to cutaneous nerves because of 
the aggregation of spiders along the distribution of some cutaneous nerves. 

Sequiera (1G4) reported multiple telangiectasia in older persons without ap- 
parent disease. These lesions were similar to those described by Broq in patients 
with repeated attacks of hepatic colic. Sibley (ICG) was impressed with the 
symmetrical distribution of spiders in a 35-year-old woman who consulted him. 
iUter a time the lesions faded and ultimately disappeared. He made no note 
of a connection with hepatic disease or pregnancy. 

A series of letters was published in the Lancet in 1916 concerning the signifi- 
cance of cervical capillaty markings. Holt (97), Chisholm (42), and Hughes 
(98) believed that they were diagnostic of pulmonary tuberculosis, and somehow 
related to disease in the lung. Parkes Weber (142) and Ri\iero (159) thought 
they were not pathognomonic of tuberculosis and stated that at least half of 
the affected persons wore healthy and normal. This argument is reminiscent 
of the polemic waged in America towards the end of the past centurj' about the 
significance of angiomata as diagnostic hints in malignant disease, particularly 
that of intra-abdominal origin. It was finally agreed that these markings 
were neither characteristic nor diagnostic of such disease. One wonders whether 
the lesions in some of the cases wliich suggested this association were not examples 
of the acquired arterial spider in cirrhosis or carcinoma of the liver. This was 
inferred by Symmers (178), who finally quashed the argument with a soundly 
judged collection of case reports. 

Becker (20) has given an excellent summary and review of the clinical aspects 
of generalized telangiectasia, classifying lesions ns congenital or acquired, al- 
though he admits that there is some overlapping of the two varieties. He did 
not discuss the vascular spider separately but included some examples and 
case reports. , 

Williams and Snell (188) have commented on the spider in normal persons. 
These lew scattered references indicate that the vnscidar spider when oc- 
curring in normal persons has been recognized to bo an insignificant stigma. 
No reason has been demonstrated for its sporadic occurrence; and no consider- 
able attention has been given it. It is important because the common associa- 
tion of a similar lesion with hepatic disease (and pregmmey) has given rise to 
a widespread belief that it is diagnostic of some trouble in the liver latent or 
obvious (37, 47, 1S4, 188). ’ 
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I Observations 

Tip to the time, in this study, when vascular spiders were found in normal 
children as well as in normal men and women, the notion had been entertained 
that the connotation of hepatic disease, past, present or future, was inevitable. 
With the gradual accumulation of a large number of cases in which no history 
or contemporary indication of such trouble could be elicited, the author became 
convinced— since he does not believe that the future holds promise that disease 
of the hver will be pandemic — that the vascular spider was not invariably a 
harbinger or omen of disordered function of the liver. This feeling was strength- 
ened by observation of healthy and longevous families in ■which several members 
had been affected for many years. 

Records of varying degrees of completeness have been kept on 107 persons 
■with spiders in whom clinical hepatic disease, deficiency of the B-complex ^dta- 
mins, and pregnancy, past or present, could be excluded.^® There were 57 
females and 50 males. Forty were between the ages of 20 and 30 years, and 23 
were children under 10 years of age. The youngest subject ■with spiders was 
less than a year old, and the oldest almost 80 years of age. 

The number of lesions in a single subject was small. The average ■was slightly 
over three, and the largest number in any normal person was nine. Most often 
there was but a single spider. This is in sharp contradistinction to their preva- 
lence in hepatic disease, where they may be myriad, or in pregnancy, where 
they may be plentiful. 

The radicles in many of the vascular spiders found in normal persons arc 
fewer in number and smaller in size than those in the spiders occurring in hepatic 
disease or pregnancy. Often the lesion appears as a red area about the punctum, 
■with no legs. In a few instances anomalous forms occur in addition to the more 
typical ones. Pulsation has been found in a high proportion of the lesions. 
The pressure needed to obliterate them is in the same range as that determined 
in the other lesions studied (see Physiology). In the fe'w cases in which other 
parts of the skin were examined with a high-power hand lens or dissecting micro- 
scope the results have been divided about equally ; in about half the cases there 
were widespread changes in the cutaneous vessels, while the others revealec 
none. Distribution follows the general pattern noted in other conditions (See 
Table 4 and Figs. 1-5). The face and neck are most frequently marked mth 

spiders. . 

The age at onset is variable. A number* of lesions were first noted at a ou 
the age of puberty, but whether this Avas the true epoch of origin or mere } 
denotes a developing self-consciousness is undetermined. They are frequen 
in young children, and in some may tmly be called birth marks. 

Inexplicable changes in size, even complete disappearance Avith.subsequen. 
recrudescence, have been noticed. The natural liistorj’- may include 
Avaxing and Avaning, months or years being necessary to complete a deimi 

10 No tests were carried out to exclude latent hepatic disease or secret alcoholic 
tion, but the subjects were generally regarded as perfectly normal. The normality 
group can be established only by foUoAving the subjects for the rest of their Jives. 
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cycle. In the absence of measurement or photographs it has not been possible 
to discern any rh3^hm of change. 

THE VASCUEAB SPIDER IN inSCELEANEOUS CONDITIONS 
Review and Observations 

Notes concerning the occurrence of typical cutaneous vascular spiders have 
appeared sporadically in medical reports on a multifarious and nondescript 
array of diseases. In many of the cases the presence of the spiders may have 
been merely coincidental, but it is impossible to eliminate a common cause when 
the pathogenesis is unkno^vn. Spiders are said to occur in xeroderma pigmentosa 
(Crocker). Osier (135, 136, 137) has recorded instances in which spiders to- 
gether vdth the more common mat-like telangiectasia occurred in x-ray soars. 
He also mentioned their occurrence in scleroderma. It is possible that Milbradt 
(130) was describing the same lesion, although the diagnosis of the condition 
he was discussing is obscure. Spiders have been noted in rheumatic fever, 
although Keil (100), in his survey of the rheumatic erythemas, did not separate 
them from a nonspecific telangiectasia. In my experience nith vascular spiders 
occurring in rheumatic fever, these lesions have been seen in victims of chronic 
rheumatic vabuilar disease only when clinical signs of cardiac cirrhosis were 
present.'' They may be presumed to have the same cause as in other forms 
of hepatic cirrhosis. 

In victims of Cushing’s syndrome one occasionally sees, in addition to the 
spectacular purple striations of the skin, various aberrations in the minute cutan- 
eous vessels. I have seen one instance of tiiiical vascular spider in this bjti- 
drome, in a case in wliich theie was no clinical sign or sjTnptom of hepatic 
disea.se. It is of interest that Friedman (74), in 1921 , emphasized the occurrence 
of erythema and telangiectasis of the face in this condition, and Cushing (55) 
remarked upon it in describing one of his cases, although neither specifically 
noted spider or star-shaped lesions. 

Vascular spiders are very uncommon in Graves’ disease. Onlj' one ca.se has 
been obsen-ed among the fairly numerous e.\amplcs of thyrotoxicosis encountered 
in the past five years. This example was noteworthy because the patient knew 
that the spiders had appeared many months after signs of scveie overaotivity 
of the thyroid had been observed. Follonlng iodine therapy and subtotal 
thyroidectomy, the metabolism returned to a normal level, and after several 
months the spiders vanished. Unfortunately no tests of hepatic function were 
performed. The r61e of thyroid hiTieractivity in damaging the liver has been 
discussed by Berk and Goldburgh (22), who concluded that hypovitaminosis-B 
was a factor. It was thought that this c.asc of acquired vascular spiders in 
tlijTotoxicosis was unique but a search of the literature has revealed that at 

U The one exception to tliis rule woa in o case in w liicli 6e\ crai email red nodules appeared 
during nn exacerbation of rlicuniatism. Although they were originally believed to be 
rlieumntic nodules, they later ilevcloped the chnractcristie star-shape of vascular spiders 
and after sexeral months disappeared. This is the only time I have seen spiders dcvcion 
under such cirnimslanccs. * 
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tet one other example has bem reported. Hyde (100), in a paper entitled 
lelangiectatic Lesions of the SIdn Occurring in the Subjects of Graves’ Disease ” 
vuitten in 1908, presented an extensive review and reported many cutaneous 
vascular disturbances, among which was at least one perfectly tjT)ical vascular 
spider. This article attracted some attention among dermatologists, who still 
refer to' it, but it seems to have escaped the notice of authors of systematic 
treatises on the thyroid gland. 

Spidevs end Related Vascular Changes in the Mucous Membranes 

During the first part of this study, no search was made for vascular spiders 
except in the skin. The lesson suggested by case 5 was not heeded. In the 
last 47 patients vdth hepatic disease and cutaneous spiders a search was made, 
and it revealed similar vascular aberrations in the mucous surfaces of 10. It 
is not possible to estimate the frequenc}'’ of their presence in inaccessible regions, 
since the mucosal spider fades after death in the same manner as its dermal con- 
gener (13). Unless a careful endoscopic examination is made, one cannot state 
that they are not present simply because they are not seen post mortem. In 
this series of 10 cases, the mouth was affected in all 10, the nose in seven,^^ the 
rectum in three of the six examined proctoscopically, and the eye in two. (Eight 
patients had more than one site impheated.) In every case there were several 
telangiectases. In appearance, these vessels were irregular, rarely having the 
characteristics of a well defined central spot with radiating spokes. Pulsation 
was not evident upon palpation of the lesions in the buccal mucosa, soft palate, 
hard palate and gums. No lesions occurred upon or under the tongue, although 
a different form of telangiectasis frequently appears in the latter location, 
while the dorsum is often spotted rvith the characteristic lesion of Osier’s disease 
(see Fig. 24). The coming and going of the mucosal spider paralleled that of 
the dermal type. 

Mucosal spiders were seen chiefly in patients vdth a large number of skin 
lesions. No mucosal spider was detected in'patients udth hepatic disease with- 
out spiders in the skin. Verified hemorrhage from mucosal spiders has been 
confined, in this series, to those in the nose and in the rectum. In most cases 
of grave hematemesis, the presence of esophageal varices was demonstrated 
after convalescence or at post mortem examination. It is not inferred that 
severe or even fatal hemorrhage does not occur from small bleeding arterial 
spiders of the mucosae, but it has not been possible to establish such a case 
in tliis series. 

Tortuous coils of redundant aneurysmal vessels in the conjunctiva have been 
seen in two instances, one of wliich is pictured in Figure 10. This change was 
seen to reach macroscopic proportions vdthin a week. The gross morphology 
is strikingly different from the usual pattern of the dermal spider. ' , 1 1 

From these miscellaneous data, it is obvious that more mucosal spiders shou 
be examined before conclusions are justified. The important fact has een 

« This is in addition to a large number of patients who had engorgement of the network 
of vessels in the nasal septum, but no localized area characteristically involved. 
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established that macroscopic vascular changes comparable to those of the s 
in the skin may develop in the mucous membranes. No information e 
nor have we obtained any, on the histology of the mucosal lesions, 
relationship to hemorrhage is still to be defined. 

Physiology 

There has been some confusion concerning the nature of the vascular s] 
Palpation, pressure with a pencil point, or the use of a glass slide at once rc 
the pulsation and direction of the blood flow. The bright red color suj 
arterial blood. Nevertheless, there has been disagreement as to the natr 
the lesion, whether it is essentially arterial, or venous, or both (20a, 32, 7J 
111, 115, 125, 135). Some of the difficulty is doubtless a consequence o 
histological picture which may include thick muscle-coated arterj' as wi 
thin-walled vessels resembling veins. The obsen-ations to be recorded he; 
the most part simply confirm and amphfy those of French clinicians (31 
111, 113, 115, 173, 174) which were extended by Patek, Post and Victor ( 
Pulsation: The pulsation imparted to the palpating finger by the cc 
point or eminence is strong in the largo lesion but may be felt with diffii 
if at aU, in the smaller ones. If n glass slide is placed over even small sp: 
the pulsating center may bo seen. B 3 ’ varjdng the pressure, the crythem; 
region may be made to contract from, or expand towards the blanched perip 
In verj’’ large lesions adsible pulsation of the central eminence may bo obsi 
on close scrutinj'. 

Direction, of blood flow: Tlio centrifugal flow is demonstrated bj' placmg 
pressure on the center, causing the legs to blanch. When the pressure 
leased the radicles fill instantly and the skin regains its red color. 

Pressure: Patek and his associates (147) have published the onlj’ figur 
the intravascular pressure of spiders. They found that obstruction 0 
brachial artciy with a pneumatic cuff caused obliteration of pulsation in a s 
on the arm when the pressure was raised to 85 ram. Hg. Pulsation rcti 
when the cuff pressure, after further elevation, was lowered to the same lei 
In our series, studies on more than 100 separate spiders in 27 persons 
results in substantial agreement with these findings. The method used 
also indirect but allowed observations to be made on the several comp( 
parts of the lesion. To the skin surrounding the spider a tramsparent cell 
capsule was attached firmly with collodion or rubber cement. A tube 
a meremy manometer was connected to a gla.s.s rod communicating freclj- 
the interior of the capsule. Pres.«urc could be altered at will by a rubber 
connected to the manometer. The most satisfactorj' obscn'ations wen 
tained when the spider was situated over some flat bony surface, such a 
sternum or forehead, although .similar re.sults were obtained in other area.' 
vided the ctipmle could lie kept in place firmly irith counter prc.ssurc. 
deformity produced in the skin included within the capsule and at the attr 
edge introduced artifacts and obscurcrl the changes in some tests. 

IWien the spider wa.s c-xposed to gradu-ally increasing external pres; 
fading began in the marginal part of the erythematous skin at a pressure l>et 
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10 and 30 mm. Hg. In many cases this fading spread throughout the whole red 
area, causing the radicles to be silhouetted against a pale background. Into 
the newly blanched areas the larger legs of the spider pointed, in the form of 
fine red spokes. An ebb-and-flow pulsation could be noted in them. Centrally, 
where the skin was unblanched, it manifested the same change after the maimer 
of an opening and closing iris. As the pressure Avas raised by slow increments, 
the skin was flattened against the underlying bone and the entire blush dis- 
appeared. There remained only the center and some of the large branches. 
These exhibited pulsatile ebb and flow as if small snake tongues Avere flicldng 
in and out from the central eminence. Wlien the pressure Avas betAA'een 30 and 
50 mm. of Hg. the vessels AA'ere progressively obliterated centrally and Avere 
generally quite empty Avhen the pressure Avas raised above 50 mm. Hg. At this 
point, the body of the spider appeared as a rising and falling boss, its red color 
contrasting brilliantly AAith the pallid background from Avhich the blood had 
been squeezed. Further increases in the pressure caused the body to be obliter- 
ated intermittently, but betiAmen 50 and 70 mm. of Hg. there Avas usually a 
systolic appearance AA'hich faded Avith diastole. BetAveen 70 and 90 mm. of Hg. 
the entire vascular pattern was obliterated. The reverse sequence could be 
seen as the pressure was reduced sloAvly. 

The flexibility and elasticity as Avell as hydration of the skin, and the texture 
of the subcutaneous tissue had some influence on the pressure determinations. 
As a general rule the larger the spider, the higher the pressure required for the 
several stages of obliteration. In tAvo instances in Avhich the spiders had a 
central elevation of 3-5 mm., the boss was not flattened and blanched until 100 
mm. of Hg. Avas reached. Pressure above thislevel usually distorted the skin and 
caused the capsule to ride up or break loose. With the subject supine, there 
were no differences in the pressure in spiders at various sites on the body (fore- 
head, cheek, chin, clavicle, sternum, chest, shoulders, forearms, wrists, hands, and 
knees). No tests were made on mucosal spiders. The pulsations Ai^ere more 
vivid and the range from beginning to complete fading greater AA^hen there Avas 
a high pulse pressure in the large arteries. The pressures in spiders in persons 
Avith liver disease, pregnancy, and deficiency diseases, and in normal persons 
Avere substantially the same. This indicates that more than a superficial simi- 
larity exists among the several classes of spiders. Confirmation of their identity 
must aAvait histological study. 

In three cases, obserAmtions made on the same lesions at intervals of ten 
months to a year gave identical pressures. In one instance, Avhen a spider had 
faded and returned after several months (Avitli a relapse in the cirrhosis), the 
pressures coincided AAuth the first readings. In tivo instances pressure readings 
Avere made at short intervals during the phase of evanescence. In one, the pul- 
sation could no longer be noted three days after the first measurement, and the 
radicles disappeared two days later; after two AA'^eeks, no mark was left. It 
seemed possible that the central artery had become occluded. In the other 
instance there Avas a gradual decline in the pressure required to obliterate the 
spider. Three determinations made over a tivo-month period revealed a fall in 
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Biessure ot 20 mm. of Hg. per month. Pulsations could not be detected 6 weeks 
later, when the only mark was a tiny red spot. No satisfactory observations 
have been made during the stages of enlargement. 

Temveralure: Determinations of cutaneous temperature over vascular spiders 
have been made with a dermolherm, both on the wards and in a constant tem- 
perature room (20°C). Teste were carried out on seven patients and more 
than 50 lesions. As was to be expected with arterial blood so near an exposed 
surface, the temperature of the skin over the spiders was found to be higher 
than that of the adjacent skin. The difference was greater when the environ- 
mental temperature w’as cool. The difference showed variations, ranging from 
a barely perceptible increase in the small spiders to as much as 3 C in large ones. 
The gradient of temperature difference between spider and adjoining skin was 
somewhat greater in the extiemities than on the face or body. Increased slun 
temperature has been found also in palmar crjdhema (17). 

Local iiiicction of adrenalin and histamine: The intracutaneous or subcutaneous 
injection of these substances near a spider evoked the usual reactions found in 
normal skin. Blanching with adrenalin did not close down the larger vessels, 
whereas the erythema produced by histamine was more pronounced in the red 
area of the spider than in the adjacent sldn. Similar results had been reported 
previously (147). 

Changes with menstruation: In the past year two patients have been obseiwed 
whose spiders increased in size three days before the menstrual period and re- 
mained large for two or more days of the period. In three other women the 
same event had been noted by the patients themselves but they believed that 
, the change coincided with, rather than preceded menstruation. Many puzzling 
relationships of menstruation and skin disease have been reviewed by Bulkley 
(30). He made no reference to changes such as we have seen in vascular spiders, 
although similar periodic variations were reported in many dermatological 
conditions. A possible relation to some stUl unsettled questions regarding 
endometriosis might be mentioned (128). No studies were made to see whether 
the pressure witliin the spider undenvent any variations during the menstrual 
cycle. 

Distribution: Vascular spiders ot the skin show a predilection for certain sites 
and. their ^stribution presents a regularly recurring pattern with minor varia- 
tions. This has been discussed only in recent years (147, 173, 174 184) although 
case reports indicate that the obsen-ation has been made ever since the firet 
wntmg on the subject (189). In our material certain diffeiences among the 
poups have been mentioned. Much more extensive data will be needed before 

Sirs ‘‘'’.i.r.rr rrr >" -pm® 
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are rare on the hps, cai^, nail beds, palms, and very uncommon hX? fT, 
hihcus ^vhore less than X% have been found Thov dr. v, below the um- 
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hairy. No differences in general distribution have been noted between males 
and females. A better idea of their locations can be gained from Figures 1-5 
than from the tables shomng the percentage distribution (4 & 5), for the 
regions selected are not comparable in area. Thus they appear most thickly 
oU the neck and face, but the total number occurring on the upper chest and 
shoulders is larger. 

Differences between the several groups, in respect to the distribution of the 
spiders, are indicated in the diagrams. The only group sho\ving much varia- 
tion at different age periods was that composed of the Birmingham cases, in 
which the arms, hands and fingers were preponderantly implicated in the first 
and second decades, while the face and neck wei’c most frequently involved 
after the age of twent 3 ^ A larger percentage of the spiders occurred over the 
shoulders in hepatic disorders than in the other classes. Lesions on the hands 
in disorders of the liver and in normal subjects were rare, as compared to the 
very high incidence in those Birmingham subjects who were less than 20 years 
old. The scarcity of lesions over the thorax in the Biimingham material is in 
marked contrast to the findings in other groups, and the latter also reveal minor 
variations among themselves. 

The meaning of these data is obscure. It is possible that in a much larger 
series of cases the discrepancies would be ironed out. Since no histological 
studies Avere made except in the case of patients vith hepatic disease, it may be 
that some structural difference exists between the lesions in the several classes, 
of which we are unaAvare. The gross morphology, the similarity in physio- 
logical findings, and the location in the upper half of the body offer evidence 
that some common factor of relationship exists. 

Of certain significance is the pattern of distribution over the body surface. 
Only after three years of painstaldng search Avere any spiders found beloAV the 
level of the umbilicus. These lesions Avere unmistakable, hoAV'ever, and pulsation 
could be detected in several of them. The cause of this arrangement has excited 
much speculation. Tavo investigators (65, 184), not having seen spiders in the 
loAver regions, suggested that the drainage of the superior vena cava somehoAV 
determined their location. This seems improbable. There is no association 
AAoth collateral circulation in the occurrence of spiders over the abdomen. It 
may be suggested more lo^caUy that the gradient of vascular tonus and tem- 
perature in the sldn is in some AA-^ay responsible. The number of spiders is 
greatest in areas AAdiere blusliing is most intense. Tliis territory also i-esponds 
most vigorously, by A’^asodilatation, folloAring the intraA’'enous injection of his- 
tamine (114) or nicotinic acid (14). The vasomotor gradient of A'^ascular tone 
in the subcutaneous arteries is high AA^here the lesions are rare, and it is loAver and 
A'^ery labile AA'here they are numerous. If one suspects a humoral cause, the 
circulating agent might be in contact Avith the affected A'^essels for longer periods 
•in areas where the tone AA^as not so high and the flow of blood less rapid. 

The, relation of the distribution of these lesions to exposui'e to repeated minor 
traumata must be considered also, for their occurrence in the skin of the face, 
neck, and the back of the hand is frequent. Exposure to AA'eather and to radiant 
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■rgy may be a factoi This is stiongly suggested liy Bioq’s uoik (35) If 
local metabolism were high in u aimer parts of the skin, it might influence 
' segiegation of spideis in uaimei areas A\niethei histamine plays any 
rt IS uncertain A fen expeiiments m uhich repeated injections of minute 
antities of histamine or nicotinic acid ueie gi\en to susceptible patients 
th cirihosis, did not piodiice any new spidem E\idence that local infection 
frequentlj responsible foi the pi eduction of spideis has not been substantial 
15) Altogethei , the suggestions so fai adduced aie not impiessive The most 
omising speculation appears to be the one which lelates the distribution 
ttern to the constant \ariations m \asculai tone neai the suiface of the 
dy The pattern of densitj w ould tlius be a function of the ai teiial \ asomotoi 
aus m the skin 

Infra red photogiaphy Since the \ascnlai spidei of the skin is biilhant led 
color, owing to the high content of o\j hemoglobin, the use of infia led photog- 
phy suggested itself as a method of \eiifjmg the aiteiial natuie of the lesion 
ifra red technique has been used successfully to emphasize the outline of veins 
s complementaiy use— to obtain photogiaphic obhteiation of \ei> led stiaic 
lies — has not been leported In Figuie 18 a ccmpaiison is made between an 
dmary black and-white photogiaph and an infia-red photogiaph” of an area 
ith nunicious \asculai spiders It can be seen at a glance that the spidere 
lisappear” when the infia red method is used Se\eial similar compaiisons 
we yielded identical lesults This adds confiimatoij eMdence of the aitenal 
iture of the whole macioscopic stiuctuie of the spider Not only does the 
■ntral aitenal poition vanish, the peiiphcial poition likewise disappeais, the 
gs and radicles whose walls bear a closei lesemblance to ordinal j veins and 
onules than to aiteries, but contain aiteiial blood 

Cross and Mtcroscopic Slniclure 

Systematic study of the histology, liistopathology and histophysiology of the 
ascular spidei has been neglected, although some texts on the histopathologj- 
f the skm offer bncf lemaiks on the subject (117, 118) There has been much 
lisagreement o\ er the kind of x essel mamlv implicated, also differences in opinion 
s to whethei the spider is fundamentallj an angioma, implying neoplasia, a 
elangiectasis, or both, and whethei the affected xessels are xems or arteiies, 
>r both This confusion Ins been greatly leduced by the work of Patek, Post 
md Victoi (147) 

Any effort to understand the aberrant stmctuies under consideration must 
le based on knowledge of the noi-mal blood \cs«cls of the skm One of the 
'arU students of this pioblem, Toseph-Louis Renaiit, desenbed and pictuied a 
leiy clniactenstic mitiicnt aitciy supplying the skm, in his tieatise on hi'^'- 
tology (154) which appeared m 1889 He noted the frequent occurience of a 
small end arteiy m the subcutis which branched in radial fashion m one or 
more planes at right angles to the axial trunk and parallel to the skm suiface 
Irom the smaller bianohcs nutiient arterioles spread m profusion, finally dis- 
"Thi niters used MW *87 deep red niter 
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tributing the Wood to the capiJlaries. This small artery supplied a blunt cone- 
shaped region of skin and subcutaneous tissue. Blood from the region thus 
supplied was collected into venules in a meshwork surrounding it. The over-all 
architectural plan was similar to that in Mall’s stellate arteries in the stomach 
and the stars of Verheyen in the kidney. Some such arrangement is usual 
wherever the blood supply to any tissue surface is abundant. Spalteholz (171) 
pictured similar vessels but indicated much freer anastomosis among the arteries 
of the deep and superficial layers. Stellate arteries were pictured by Krogh 
(110). It may be concluded that a stellate artery is a normal structure in the 
skin, but that it cannot be detected by inspection because of its small size. 

The clinic provides two excellent demonstrations of this pattern of small 
cutaneous arteries. Both are accentuations of the normal vascular mottling 
which may be seen in exposed portions of the arms and legs, especially in young 
persons, during cold damp weather. In h'vido reticularis, a disturbance in 
I'^ascular function makes the paler islands supplied by the terminal arteries stand 
out against a cyanotic background (1). The other condition, in which the 
reticulated network is pigmented, cutis marmorata or erythema ah igne, develops 
in regions exposed for long periods to heat (114). It has been possible in a few 
instances to find vascular spiders occupying the pale center surrounded b}^ the 
darker reticulum of slightly mottled skin in normal persons or those vuth hepatic 
disease, but exceptions to this arrangement have been noted also (13). 

Studies on the simple arteriovenous shunts and complex glomus bodies have 
brought to light facts relevant to the vascular spider (48, 49, 86, 87, 126, 127, 
152). The simplest type of shunt is direct, with a single loop between an ar- 
teriole and a venule. The structure of the connecting vessel usually changes 
gradually from that of an artery to that of a vein (48, 49). On the other hand 
the true glomus is a complex series of vascular spaces with several alternate 
routes for passage of blood from artery to vein (126, 152). Its essential con- 
stituent parts include the afferent artery, the Sucquet-Hoyer canal, the primary 
collecting vein, preglomic arterioles,^ and an abundance of nerves. The canal, 
a tortuous, bulbous, modified arteriole, empties directly into a vein. Its lumen 
is narrow and irregular, lined ivith endothelial cells in one or two layers, but 
without an inner elastic membrane. Muscle cells in the wall are interspersed 
with cuboidal cells w^hose nuclei are poor in chromatin. These “epithelioid” 
cells have poorly staining cytoplasm which gives a characteristic appearance. 
Non-medullated nerves are plentiful in the collagenous peripheral zone. 

Glomus bodies are said to have an important function in temperature regula- 
tion (86, 87, 110, 152). Their peculiar concentration in the palmar and plantar 
pads, the nail beds, and the ungual phalanx of the digits, is noteworthy in con- 
nection with palmar erythema in Avhich these regions become prominently 
marked 'with a more or less permanent x’edness associated ivith an increase in 
objective and subjective -^varmth (17). 

Although Gilbert and Hii’scher (78) reported on some of the histological 
details, Williams and Snell (188) appear to have been the first to suggest a 
relationship between the spider angioma and the glomus body. In their review 
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they presented excellent photographs of the laige elevated pulsating spidei, 
and in histological sections they demonstrated glomie tissue in the basilar 
angiomatous poition of the lesion. Their photomicrogiaph displays an example 
of a vessel whose wall shows on one side a mass of “epithelioid” colls and on the 
other a neaily normal muscular coat The dilated, thin-walled, superficial 
vessels— the telangiectatic legs— may be seen cleaily. It is unfoitunate that 
they confused the spider with the vasculai lesion chaiacteristic of Oslei’s disease 
with its ati opine attenuated aitcrial wall. 



"Fia 19 An additional case of licpalic cirrhosis not included in the case reports Mul- 
tiple vascular spiders and pigment spots in n 46-year-old white man with longstanding 
jaundice and cirrhosis The large fenestrated spot m the lower center was not a spider 
although it may have been the site of a previous spider This is suggested by a similar 
vascular pattern in the large spider over tiie upper deltoid region 

Patch, Post and Victor (147) enlarged upon these observations. They stated 
that “the acquired type of spider . .does not conform to desciiptions of the 
congenital lesions,” and ably demonstrated this fact in histological sections cut 
serially. Of interest xvas thcii discovery of tw o types of lesion One consisted 
of an abnormally largo artery rising from the subcutis, bianclimg into arterioles, 
and terminating in capillaiics. Except for its size it was identical with the 
arteiy of Renaiit. Two of their seven lesions fell into tliis class. The otheis 
were of the “glomus” type In it “the afferent aitciy is of medium size, with 
a single layer of endothelium lesting on an mtcinal clastic lamella, and a media 
composed of ciicuhu muscle fibers At the junetion of this artery with the 
central vessel of the ‘spidci’ the endothelium and the internal elastic lamella 
become separated by a thick layer of cells with elongated oval nuclei, abundant 
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tnbutmg the blood to the capillaries. Tliis small artery supplied a blunt cone- 
shaped region of skin and subcutaneous tissue. Blood from the region thus 
supplied -svas collected into venules in a meshwork surrounding it. The over-all 
architectural plan was similar to that in Mall’s stellate arteries in the stomach 
and the stars of Verheyen in the kidney. Some such arrangement is usual 
wherever the blood supply to any tissue surface is abundant. Spalteholz (171) 
pictured similar vessels but indicated much freer anastomosis among the arteries 
of the deep and superficial layers. Stellate arteries were pictured by ICrogh 
(110). It may be concluded that a stellate artery is a normal structure in the 
skin, but that it cannot be detected bj’- inspection because of its small size. 

The clinic provides two excellent demonstrations of this pattern of small 
cutaneous arteries. Both are accentuations of the normal vascular mottling 
which may be seen in exposed portions of the arms and legs, especially in young 
persons, during cold damp weather. In livido reticularis, a disturbance in 
vascular function makes the paler islands supplied by the terminal arteries stand 
out against a cyanotic background (1). The other condition, in which the 
reticulated network is pigmented, cutis marmorata or erythema ah igne, develops 
in regions exposed for long periods to heat (114). It has been possible in a few 
instances to find vascular spiders occupjdng the pale center surrounded by the 
darker reticulum of slightly mottled skin in normal persons or those with hepatic 
disease, but exceptions to this arrangement have been noted also (13). 

Studies on the simple arteriovenous shunts and complex glomus bodies have 
brought to light facts relevant to the vascular spider (48, 49, 86, 87, 126, 127, 
152). The simplest type of shunt is direct, with a single loop between an ar- 
teriole and a venule. The structure of the connecting vessel usually changes 
gradually from that of an artery to that of a vein (48, 49). On the other hand 
the true glomus is a complex series of vascular spaces with several alternate 
routes for passage of blood from artery to vein (126, 152). Its essential con- 
stituent parts include the afferent artery, the Sucquet-Hoyer canal, the primary 
collecting vein, preglomic arterioles,^ and an abundance of nerves. The canal, 
a tortuous, bulbous, modified arteriole, empties directlj’’ into a vein. Its lumen 
is narrow and irregular, lined rnth endothelial cells in one or two layers, but 
wdthout an inner elastic membrane. Muscle cells in the wall are interspersed 
vdth cuboidal cells whose nuclei are poor in chromatin. These epithelioid 


cells have poorly staining cytoplasm which gives a characteristic appearance. 
Non-medullated nerves are plentiful in the collagenous peripheral zone. 

Glomus bodies are said to have an important function in temperature regula- 
tion (86, 87, 110, 152). Their peculiar concentration in the palmar and plantar 
pads, the nail beds, and the ungual phalanx of the digits, is noteworthy m con- 
nection with palmar erythema in which these regions become prominently 
marked with a more or less permanent redness associated inth an increase m 

objective and subjective warmth (17). 

Although Gilbert and Hirscher (78) reported on some of the histological 

details, Williams and Snell (188) appear to have been the hrst to 
relationship between the spider angioma and the glomus body. In leii 



CUTVNEOtFS AKTERIAIi SPIDER 


297 


^liey presented excellent photographs of the large elevated pulsating spidei, 
and in histological sections they demonstrated glomic tissue in the basilar 
angiomatous portion of the lesion. Their photomiciogiaph displays an example 
of a vessel whose wall shows on one side a mass of “epithelioid” cells and on the 
other a nearly normal muscular coat The dilated, thin-walled, supeificial 
vessels — the telangiectatic legs — may be seen cleaily. It is unfoitunate that 
they confused the spider with the x’asculai lesion characteristic of Oslei ’s disease 
with its atrophic attenuated aiterial wall. 
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An additional case of hepatic cirrhosis not included in the case rpnnrt« 
liar sniders and nnrmont, snnt® m » Aa i.i . i '-‘wC reports 


tiple vascular spiders and pigment spots in a 40-iear old nhite man wft! f ' 

jaundice and cirrhosis. The large fenestrated spot in the lower c^nt.r ^ longstanding 
although It maj have been the site of a previous spider This is snllp ® 

V ascular pattern in the large spider over the upper deltoid region * ® ‘P‘1 I’-'' “ a'milar 

(1-^7) enlarged upon these observations Tho,- * * j 
that the acquired type of spider. . .does not confonn to desennr ^ T ^ 
congenital lesions.” and ably demonstrated this fact in hisM f 
Benally. Of inte.cst was their discovety^ of two tvne nf 

of an abnormally large arterj' rising from the siibcntis b ^'i”" ^ne eongsted 

and terminating m capillaries. Except for H v 
arteiy of Renaut Two of their seven lesions fell L 

"ere of the “glomus” tjqie. In it “the afferent s t °theis 

a single layer of endothelium resting on an ^ size, with 

composed of circiilai muscle fibers At th • ® a media 

come separated bj' a thick layer of cells w"rt 

° “ 01 al nuclei, abundant 
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cytoplasm a^nd indistinct cell borders. The nuclei are about as long and half 
again as wide as those of the smooth muscle cells of the arterial media. They 
ave a more diffuse distribution of chromatin and are more widely separated. 
From the varying shapes and directions of the long axes of the nuclei the cells 
seem to run circularly, longitudinally, and diagonally. The internal elastic 
lamella and the media of circular muscle of the afferent artery continue into the 



Fig. 20. Cirrhosis of the liver.* This photograph shows spiders which are forming at 
the site of two healing paracentesis wounds in the abdomen, indicated by the two dark 
marks in the center of areas of increased vascularization of the skin. The upper mark 
represents the site of a paracentesis performed nine days before the picture was taken; 
the transverse mark below it, the wound made five days later. The navel may be seen in 
the upper left corner of the picture, and in the lower right corner, a wound still exuding 
ascitic fluid, the result of a paracentesis performed only a few hours before the photograph 
was made. 

central vessel to form the outer portion of its wall. In the central vessel the 
elastic lamella becomes thinner, loses its Avavy character and finally disappears 
after breaking into delicate threads. The muscle fibers of the outer media retain 
the circular direction present in the afferent artery.” It was emphasized that 
this structure was not a glomus body because there was no arteriovenous shunt. 
The lumen became progressively narrower; the many branches finally emptied 
into capillaries. Proximal branches retained a single layer of endothelium and 

* This case has been reported as Case 3 in a review of palmar erjdhema (17). 
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inner cellular layer but lacked the external layer of muscle. They suggested 
that this stmeture was the result of metaplasia of already existing arteries in 
the skin, a process which caused them to resemble glomus vessels, and of their 
subsequent hyperplasia. 

Walsh and Becker (182), in their rernew of erythema palmare and naevus- 
araneus-like telangiectases, included a low-power view of a section of one of 
the latter lesions. They state that “the lesion, reconstmeted from serial sec- 
tions, seemed to consist chiefly of an arteriole branching from one of the arteries 
just within the subcutis. This vessel traversed a somewhat tortuous course to 
about the subpapillary layer of the cutis. Here it seemed to change directly 
into a vein of comparable size without intervening capillaries, which in tui-n 
divided into the network of smaller venules which form the gross spider-like 
appearance. It had a muscular wall of about normal thickness for a vessel 
of its size (0.25 mm.) and was accompanied by a nerve whose fibers seemed to 
end in the vessel wall.” Despite this de.scription they called the lesion a small 
arteriovenous anastomosis. 

^lurray and Stout (133, 175) have .shown, by the tissue culture method, 
that the “epithelioid” cell of the glomus is derived from Zimmermann’s pericyte 
(192), a modified smooth-muscle cell. In their photomicrographs the various 
stages of development may bo seen in convincing detail. The almost imper- 
ceptible gradations in the glomus canal (Sucquet-Hoyer) from arterial smooth- 
muscle cell to “epithelioid” cell to venous smooth-muscle cell, as well as the 
contractile power of each of the three types, .speak for an affinity of “epithelioid” 
cell and muscle cell. 

The glomus cell has well defined characteristics which are most pronounced 
wherever it is most higlily differentiated from the smooth muscle of arteiy 
and vein. Many gradations occur between the glomus and the muscle cell, 
and mixed cells irith .some of the histological characteristics of both may be 
found. The aspect of the glomus cell varies considerably, depending upon the 
compactness or looseness of the tissue in which it occurs. These cells are 
round for the most part, and have large, dark-staining nuclei in the center 
surrounded by a clear zone of cytoplasm which stains little or not at all. Reti- 
culin fibers appear between adjacent cells. According to Murray and Stout 
(133), the usual picture of many tightly ijacked cells distorts the real character 
of the indmdual cell. In their study of tissue cultures of glomus cells the 
“epithelioid” markings changed into those typical of the pericyte of Zimmeimann. 

Observations 

Avascular spiders were studied histologically during this investigation whenever 
a biopsy or autopsy specimen could be obtaiued. The first few lesions studied 
in this manner six years ago were sectioned only once or twice. A ven- con- 
fusing picture resulted, in part liccause of the distortion from its living form 
which occurs in the skin and its nutrient vessels when a small portion is removed 
from the anchorage of the surrounding tissue. The piece removed shrinks to 

o.ss than half its normal size and becomes irregularly puckered and wrinkled. 
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he essels ^sappear from sight as soon as the incision is made for a biopsy 
This source of difficulty has been partly obviated by fastening the specimen to 
coik BTth pms so that it retains its proper size, but some distortion persists 
It IS well to remember Knisely’s (107) admonition regarding the size of small 
vessels: • • -For after the abuse which the tissue undergoes in death and fixa- 
tion, Shrinking and swelling in various reagents, a capillary’s diameter has no 
known or knowable relationship to the size or sizes that it had in life.” 



Fig. 21. Schematic drawing of a vascular spider, showing the coiled artery; the central 
boss; the branches, some of which end in secondary knobs;'the anastomoses between 
branches, and other details. The coiled artery is disproportionately large. 

Attempts to obtain sections in which the original relationships were not de- 
stroyed have not succeeded. Repeated efforts at inira viiam injection in situ 
have resulted in profuse spurting hemorrhages, whether the cannula was directed 
toward the central boss, the stdm artery, or one of the larger radicles. If some 
scheme can be devised which will enable the injection and fixation of the intact 
vessels and subsequent clearing of the specimen, or dissection, it will reveal the 
more complex aspects of its structure in their normal relations. 

Serial sections of 28 individual lesions from 11 subjects vdth hepatic disease 
have been examined.^"* The 3 '’ were taken from the skin of the neck, shoulder, 

!■' This work was done in collaboration with Dr. Seaton Sailer. Unfortunately the entire 
collection of slides has been mislaid, and the following section is written from preliminary 
studies and notes. 
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chest, back, upper and lower arm. An extension of this phase of the n ork to 
include spiders in pregnancy, deficiency diseases, and in noinial persons is 
fundamental to further understanding of the subject. The ensuing discussion 
is based on obser\'ations limited to spiders from persons with hepatic disease. 
Careful inspection of the vascular spider during life, and subsequent study of the 
same lesion cut in serial section have elucidated some of the questions not 
answered by either method when employed alone. 
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Fjg. 22, Scale drawings of actual lesions showing the variety of pattern and size 


In gross structure the spider may be compared to a branching coral formation 
whose fronds radiate in a narrow plane parallel to and just below the skin 
and perpendicular to the main axis of the gnarled or coiled stem. Some lesions 
call to mind the stump of an uprooted tree. A few spiders with the centra! 
eminence elevated reproduce in miniature the Caput IMedusae. A prominent 
part of the structure, the coiled and tortuous main stem artery, has not received 
careful study, although it has been noted by others (145, 147, 188). In some 
instances when the superficial vessels have been scanty, the upper end of this 
ves.sel examined during life with retrograde illumination resembled in shape the 
coiled arteries of the endometrium (10, 11, 12, 105, 123, 124). In the case of 
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next would come a sudden or giadual thinning of these cells until the arteiy 
did not differ from a normal aiteiy in such a region; then, following a coiuse 
towards the surface of the skin, the wall of the vessel would continue substanti- 
ally the same on one side but on the other a great piling-up of glomus cells 
would appear. This was not the lesult of cutting at an angle for it occurred 
on either the acute or obtuse side of a kink. Sometimes in the same main-stem 
arteiy, a second cuff of widening in the vessel wall was seen, ndth the same 
packing of glomus cells. This gave the impression of a gioss beading of the 



Fig '23.1 Section of vessels from a vascular spider near the surface of tlie skin. Near the 
center, just below the surface, is a dilated thin-wallcd vessel, a typical leg or radicle 
Much smaller vessels may be seen in this level, to the left In the lower center appear 
tuo large thin-w.alled vessels which br.aiiched oJT from the n.arrou , thicker .irtery (seen 
in longitudinal section) pointing toiv.ard the lower left corner, where it has been cut trans- 
versely Magnification X 160 

external aspect of the vessel but the lumen lemained about tlie same in diameter. 
Some of the beads weie eccentiic, as tliough stnmg fai fiom their tine center. 

In most instances the body or boss seemed to have been defotmed by the 
contractile foices which acted without counter-pull after the specimen was 
removed and before it was fixed. Many contained the same type of cells wliich 
oceiiiied in the main aiteiial tumk. A few had veiy thin walls without muscle 
Of pcilcytc cells. Iiiegulaily disposed branches at their proximal attachment 
usually possessed the same vaiiety of wall as the central punetum. The thick 
iiiegular licaping-up of compact pericytes, was found in most cases. 

logs of the spider lepcated the changing patterns found in tlio main coiled 
aiteiy. Near the .site of their emergence they usually had thick walls w'ith 
■smooth-muscle cells and peiicytes, sometimes commingled, sometimes segie- 
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gated. As the periphery was approached there was a well marked tendency for 
the wall to lose both muscle and pericyte. At the point of branching or of a 
sharp angulation, however, there was more often than not an accumulation of 
pericytes Most characteristic of these vessels Avas their relatively large size 
and very thin Avail, not more than tAA'o cells thick (Figs. 23, 24, and 25). These 
A^’essels sometimes arose directl}'' from the central eminence AA^ith the thin coat 
they retained throughout their course. In others there was a gradual trans- 
formation from thick-Avalled arteiy to thin-Avalled blood vessel. Some radicles 
shoAA^ed the beading phenomenon AAuth regular or eccentric bulges of the vascular 
coat caused by congregations of pericytes. Just beneath the skin they Avere 
uniformly thin-Avalled and distended Avith blood (Figs. 23 and 24). 



Fig. 24. Section shoAA'ing the distribution of the thin-walled vessels of various dianieters 
near the surface. This indicates the frequency with AA’hich branches from the radicles 
radiate from the central vessel. Magnification X 160. 


It should he emphasized that the vascular spider is not an arteriovenous 
anastomosis in any ordinar}"^ sense. The blood floAAung rapidly, under high 
pressure, comes up through the spiral artery to the punctum, Avhence it flows 
peripherally through the legs or radicles, AA'hich may look like veins or arteries 
but nonetheless carry arterial blood. From this point the vessels decrease in 
caliber, their AA'alls become attenuated, and they pass into a capillary bed Avhich 
is spread throughout the area supplied by the main A^essel. Finally, capillaries 
haA’^e a peripheral confluence in small veins tributary to the collecting A’^eins 
AA'hich carry the venous blood back into larger channels. This promiscuous 
association of veins and arteries is unique. It has given rise to confusion 
and ambiguity because in the past the arterial spider normally has been cate- 
gorized as artery or vein, depending on the dominant structure included m a 

random section. 
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A more detailed consideiation of the histopathology and living architecture 
is needed in order to determine whether some of the gatherings of pericytes in 
the regidar and lopsided collections we have seen aie artifact or the result of 
contraction caused when the specimen is removed from its moorings. Obseiwa- 
tions made so far point to the conclusion that the vascular spider constitutes an 
enlargement and overgrowth of the nutrient artery of the cone-shaped region 
of the skin described by Renaut Whether the glomus cells, the pericytes of 
Zimmermann, proliferate from small rests scattered throughout the blood ves- 
sels generally, or are the result of metaplastic forces is obscure. The true glomus 



Fig 25 This section cut near the terminus of tlie coiled artery uhere it breaks up into 
‘‘veins,” shows both types of vessels in close proximity. From study of adjoining sections 
it became evident that changes had taken place in the walls of a single vessel, with thick 
and thin segments alternating irregularly This picture gives a good indication of the 
architectural disarray resulting from the processes of fixation and cutting of the material 
Magnification X 160 

has a distribution very different from the favorite locations of the vascular 
spider (13, 87, 152, 177). 

The Differentiation of the Vasculah Spider from Osler’s Disease 
(Hereditary Hejiorrhagic Tedangiecta.sia) 

Babington (9) in 1865 was probably the first to describe a case of hemor- 
rhagic telangiectasia of the hereditarj- type; Rendu (155) described a family 
'rith the disease, which he designated by the term pseudohemophilia; and 
Chaufford (41) and Kopp (109) reported cases. Sir William 0.sler was the first 
to establish the true ohaiacter of the disease in his classical reports (135, 136 
13r). He brought it out of the group of mysterious hemorrhagic disorders' 
Parkes Weber (139, 140, 141, 144, 140) elaborated upon the description, noted 
the differences between this condition and hemophilia, the absence of .se.\-linked 
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transmission, and the tendency for epistaxis to antedate the appearance of 
telangiectases. Hanes (90) discussed the histology and stressed the conjunctiva] 
lesions, involvement of the nail beds, the atypical dilated vessels scattered in 
the skin, and the fading of the lesions after hemorrhage. Fitzhugh (68, 69) 
and others (31, 130) have reported cases Avith complicating hepatic disorders. 
The disease has been revieived extensi\^ely and exhaustively (3, 45 46 51 54 
61, 63, 82, 84, 88, 90). > > . , 

At first view it may seem redundant to include a discussion of this Avell docu- 
mented disease in this re\’ieAv. But in spite of the many descriptions of the 
characteristic telangiectasis, there is recurring eAudence that it is mistaken for 
the A’^ascular spider, and Auce A’^ersa. A superficial similarit}^ betiA^een the two 
conditions has been noted bj'’ AA-riters aa4io haA^e supposed that they AA’ere but 
minor A'^ariants of one disease (31, 51, 68, 69, 130, 188). The occurrence of 
splenomegaly and hepatomegaly in a fcAA' cases of Osier’s disease has doubtless 
encouraged the mix-up. HoAveA’^er it may haA'^e arisen, there is noAA^here a clear- 
cut presentation of the typical features of Osier’s disease aa^McIi permits the 
absolute separation of ordinary examples of the tAvo distinctiAm lesions.* Since 
this confusion may result in unfortunate errors in treatment and prognosis, and 
egregious mistakes in the understanding of the fundamental nature of the 
lesions, the differential points Avill be considered here in detail. 

During the study of the dermal Amscular spider I observed a number of families 
AA’ith Osier’s disease'® — ^miserable bleeders aa'Iio made their perennial pilgrimages 
to different serAuces of the Cincinnati General Hospital, seeking control of their 
ubiquitous hemorrliages. SeAmral dozen Adctims of the disease have been 
examined at one time cr another. It has not been uncommon for one of these 
patients to be in a bed next to a patient AA’ith Amscular spiders, thus presenting 
an opportunity to compare the tAVO lesions side by side. 

Differential Diagnosis 

Family History: The diagnosis of Osier’s disease cannot be made unless the 
hemorrhagic tendency’’ exists as an hereditary trait in the familjL Although 
skipped generations have been reported, ataAusm is rare (68) and the factor for 
telangiectasis is dominant. It is possible that telangiectasis AA'as not cAudent 
at the time of death in the generation supposed^’' free from the disease, because 
occasionalb^ the diagnostic lesion may not appear until the fifth decade (13). 
In the case of the Amscular spider a histoiy of familial occurrence is more often 
absent than present. Since spiders do not hurt and rarel}'’ bleed, knoAA’ledge of 
their presence may merelj’' reflect a AAmll deAmloped cosmetic sense. It is prob- 
able that a familial factor, at least of predisposition, exists but is not brought 
to the attention of the patients by the urgenc}'' of any complicating cA^ent. 
’i’idiether this trait is a Mendelian dominant or recessive cannot be stated. 

*Since this Avas put in type I have found an article by A. Schiipbach (Schweiz. Aled. 
Wchnschr., 73, 1186-1943) which contains an excellent discussion of many points in the 
differential diagnosis of spiders and Osier’s disease. 

iManj'" of these cases AA'ere collected by Dr. Richard SteA'ens, no\A' of Hunting on. 

West Virginia. 
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Hcmonhagic Tendency The tendency to bleed is so much a pait of Oslei’s 
disease that it has become af!i\ed to the Latin title Some clinicians liaie 
gone so far as to insist upon it as a sine qua non of diagnosis Occasional!} 
one can make the diagnosis m a person whose family is affected and who has 
the lesions, befoie he has bled fiom them Raich, howerei, do the lesions 
appeal befoie the tendency to bleed is well established We hare seen cases 
m which the tiait was detected m a child befoie it was noted m the paieiit, who 
latei del eloped the complete s\ndrome It can scaicely be argued that the 
paient did not lure the disease until he bled Fiom the telangiectatic lesion 
iti Osier’s disease arteiaal blood mai spurt foi th, nod \eiyiiiieU a pulsating 



Fig 26 In the upper portion of tins photogripli n leg, cut along its long n\i5, mni be 
seen emerging from the coiled arterj The latter is sectioned in sereral directions nt dif- 
ferent places, and its tortuous character is caident Smaller hr inches of different t}pes 
occur in seaeral places Magnification X ICO 

let ma} be =cen Spontaneous pulsation is hardl} ea ei felt in the lesion Re- 
peated bleeding and cNsanginnntion belong to tins sjudroine, rather than to 
that of the aasciilai spider In the case of the acquired rasculai spidei, par- 
ticularh the dermal lesion, bleeding is an unusual eomphtation, although 
hcmoirhage from a spidei may be copious When disease of the luci is sot ere, 
the prothiombin deficit may be responsible for bleeding On the othei hand 
spiders bleed, upon occasion, w hen the piothrombin let el is not low ( 13 ) Mlieii 
bleeding occurs, blight red arterial blood spuits fiom the lesion Trauma can 
he blamed for starting it in most instances, for example, a person may beheie 
that he is dealing with a pimple, max squeeze the top off and bo startled b\ the 
pulsating jet of blood he releases I hare not seen bleeding in a spidei acquired 
during pregn inc} but some of the w omen themsclv cs bar e rci ’ ocen 
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Among 267 persons ^vith spiders, bleeding has occurred from the skin in 18, 
but “false hematemesis” (i.e. -wnthout esophageal varices) was never established 
Avith certainty in more than 50 cases of gastroenteric hemorrhage. Mucosal 
bleeding is exemplified by Case 5. A positive history of nose bleed was obtained 
in 15% of the cases in AA’^hich the patient AA’’as questioned specifically regarding it. 

Affe at Onset: In Osier’s disease one is struck Avith the frequently echoed story 
of nosebleeds as a child, a period free from hemorrhage, and the recurrence of 
often repeated hemorrhage at the time the tell-tale telangiectases become 
prominent, usually in the third decade. The lesions do not go aAvay spontane- 
ously, and unless a profound anemia causes them to fade they can ahA^ays be 
found. The Amscular spider of chronic hepatic disease may develop before 
the hepatic disorder is manifested clinically. Age at onset varies AAith the 



Fig. 27. Case 8. Osier’s disease. This picture shows the typical lesion of Osier’s disease, 
both in the mat form in the ear, and the papular, reddish purple, well-circumscribed les- 
ons on the cheek, nose, eyelid and lip. 
i 

period at AA^hich cirrhosis occurs. Spiders tend to vary in size and number AAuth 
the severity of the disease. Explosive bursts of spiders may erupt Avithin 
10 days,^® and they may fade rapidly, A'^anishing Avithin fiAm to six days. Ordi- 
narily they commence as a single tiny red point AA^hich enlarges and throAVS out 
legs, AA'hich enlarge and branch. With groAAdh, the central punctum maybe- 
come elevated. Regression folloAA^s the opposite course; the legs seem to lose 
branches and become attenuated, aaMIg the erythematous area becomes pale. 
Finally the red center alone remains and it gradually fades, leaving occasionally 
a faint trace of broAA’n pigment, slight dermal atrophy, or at times nothing to 
indicate its former existence. In normal persons there is a tendencj'', perhaps 
dependent on the poAA'ers of observation, for spidem to be noted around the 
time of late adolescence. They occur in infants and children, but frequently 
those AAfiiich haA^e appeared in the very young disappear or diminish in size aftei 
two or three years. Whether they reappear later is not knoAAm. 

In at least two patients new spiders appeared literally overnight. 
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Gross Morphology: It is possible to differentiate vascular spiders from the 
langicctatic lesion of Osier’s disease by clinical characteristics alone. In 
sler’s disease the typical cutaneous lesion is punctifonn. It is a spot, some- 
mes elevated, sometimes flat, which has verj' sharp margins separating it from 
le normal skin surrounding it. There maj' be a single vessel connected with 
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Fig. Additional case of Osier's disease. The small, elevated spots cliaractcrislic 
It hereditarj- hemorrhairic telangiectasia are displayed prominently over the entire face 
ind show up well on the tongue. ’ 


the punctum. Sometime.* there are several branches, and then the lesion 
®ay a.ssume much the appearance of the acquired vascular spider; but in .such 
ca.*es there are always other spots or papules sharply isolated, vith no leg.s 
attached. Solid, cyanotic looking, nodular forms occur. Tlie uncommon 
spider-like lesion in 0.=ler’s dLsea.*e appears to indicate that the va.scular wcak- 
■itK* hapiiened to involve one of Renaut’.s terminal arteries and its arteriolar 
ramification.s in the skin, accentuating the normally invisible.,stmcturc to the 
point where it can he .«een. ‘5, 
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Histopathology: The basic pathological alteration in Osier’s disease is a 
inning of the walls of the vessel, an attenuation of the muscle coat vhich 
leads to a bulging or ballooning of the wall, the defect often being extensive 
^ough to give rise to tortuous, coiled masses of aneurysmal vessels (Fig. 23). 
Ihe vascular spider has been described above (See Histology). 

Besides the architectural differences, it is usual to find some differences in 
the color of the lesions. The arterial spider has the bright red color of well 
oxj'-genated blood, which suffuses the whole region encompassed by the many 



Fig. 29. Additional case of Osier’s disease The hands of the patient in Figure28. 
The lesions here are flat and a few are covered with white atrophic skin where bleeding 
has occurred in the past. Small telangiectases may be seen on the wrists Comparison 
of these lesions with the vascular spiders shown in Figures 6-20 will illustrate the differ- 
ences in the characteristic lesions of the two diseases. 


branching legs. The telangiectasis of Osier’s disease has a purplish red cast, 
although its arterial nature is well known. 

Pressure on a vascular spider produces complete blanching. When the 
pressure is released the centrifugal blood flow fills the larger branches and 
immediately suffuses the region rendered pale bj”^ compression. Pressure on 
the lesion of Osier’s disease maj'' cause some fading but it is rarely complete, 
nor is color restored as rapidl}’- as in the vascular spider. This may be due to 
the circuitous course of the main vessel involved. The pressure needed to 
blanch the telangiectasis, as determined by the capsule studies, is in the same 
range as that required to obliterate the vessels of the vascular spider. The 
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lesion in Osier’s disease fades more slowly and less completely, and at times 
small islands remain even when the pressure approaches that in the largo arteries. 
It is as though a kink had occurred, with vascular strangulation. 

Ptilsation is rarely felt in the telangiectases of Osier’s disease. 

In average size the vascular spider is many times larger than the lesion in 
Osier’s disease (See Photographs). The central punctum in both conditions 
is often of the same size, 1-3 mm. 

Skin temperature over a large vascular spider is always higher than that of 
the adjoining skin. No difference has been detected between the involved and 
the normal skin in Osier’s disease, but the electrode used was more than a 
centimeter in diameter, and a smaller one might have revealed differences (13). 

Distribution: The typical distribution of cutaneous vascular spiders has 
been noted (Figs. 1-5). The sites of predilection coincide with the flush area. 
Cervical vessels, costal fringes, and small telangiectatic meshes follow the same 
■scheme in respect to their distribution. The mucosa of the mouth, tongue, 
pharynx, and rectum may be affected. Among some thousands of lesions I 
have seen 'fewer than 20 typical vascular spiders situated below the level of 
the umbilicus I but they may occur even on the toes. In Osier’s disease the 
mucous membranes frequently present more lesions than the skin, but I have 
seen no case in which the abnormal vessels could not be found in both. They 
may appear in any part of the skin, and although more occur in the upper 
portions of the body, they may usually be found on the legs and feet as well. 
Mucosal telangiectases are almost always visible in Kiesselbach’s area on the 
nasal septum, and on the tip and dorsum of the tongue (Fig. 28). Hemorrhages 
from the stomach, bowel, lung, meninges, brain, kidney, bladder, and liver 
attest their universal range. In the skin thej’’ differ from the vascular spider 
by their frequency on the palmar surface of the hands and fingers, their usual 
occurrence in the nail bed, the lips and the ears. This suggests that the lesion 
in Osier’s disease follows the same pattern of distribution as the glomus body or 
arteriovenous anastomosis in the skin. 

Skin color: Since most victims of full-blomi Osier’s disease have had repeated 
hemorrhages, the pale sallow color of chronic anemia may be pronounced. In 
patients uith vascular spiders, the sldn may be of normal color, or jaundiced, 
or may indeed show the same evidence of anemia. 

After severe hemorrhage the lesions in both conditions may fade completely 
out of sight, returning to view with restoration of the blood. The emergence 
of diagnostic lesions may come as a surprise following transfusion for hemor- 
rhage, in patients admitted to the wards in shook. 

After death both types of lesions fade, as a result of the contraction of the 
vessel wall. It is more often possible to see the lesion of Osier’s disease, in wliich 
the fading may be incomplete, than the vascular spider, which is ody rarely 
seen as a ghost lesion 24 hours after death. 

Hepatomegaly and splenomegaly have been encountered with sufficient fre- 
quency in Osier's disease to obscure the very definite differential points enumer- 
“ted above. They have been specifically noted in not more than 2% of all 
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the cases reported, however. Neither of these signs has been detected in the 
cases of Osier’s disease which we have observed. Until more evidence is brought 
forth it seems wiser to look upon hepatomegaly and splenomegaly as coinci- 
dental rather than intrinsic findings. Such concurrence is likely since it would 
be astonishing if Osier’s disease conferred an immunity to hepatic disorders. 
Hemorrhage into the liver or spleen might possibly account for the instances 
of enlargement reported. 

The various factors on which a differential diagnosis may be based are sum- 
marized in Table 5. An illustrative case report follows. 

Case 8 (Osier’s disease). 75312 J. B., a 40-year-old ■white married woman, 
a housevdfe, was admitted to the Nose and Throat Ser'vice of the Cincinnati 
General Hospital on November 17, 1941, follo'vving profuse epistaxis. She had 

TABLE 5 


Percentage distribution of spiders in various conditions 



HEPATIC 1 

PHEGNANCV 

DEFICIENCY DISEASES 

NORUALS 


DISEASE ' 

1 

Arc 0-10 

10-20 

20 and 
over 

Face 

10.3 

12.9 

22 

16 

41 


Neck 

12.5 

9.3 

5 

8 

21 


Shoulders 

17.5 

4.3 

3 

5 

6 


Arms 

21.3 

32.1 

17 

23 

17 


Hands and fingers 

2.3 

14.5 

46 

43 

12 


Chest and back 

35.6 

26.7* 

6 

5 

3 


Miscellaneous 

0.5 

0.2 

0 

0 

0 





* Not invariably e.xamined. 

It should be remembered that the density of vascular spiders can not be judged properly 
from these percentages because of the lack" of similarity in the surface areas of the regions 
compared. For a comparison of the densities, see Figures 1-5. 

had several pre'vdous admissions and had made numerous "visits to the emer- 
gency ward and clinics for similar attacks. 

Family History: The first known bleeder in the family was the maternal 
grandmother, who was born in Ireland in 1853, and came to America as a young 
Woman. She had nose bleeds and other hemorrhages repeatedly and died in 
1906 foUoiving an exsanguinating hemorrhage. The patient’s mother, one of 
the two daughters who lived to maturity, had the same difficulty. She was 
born in Cincinnati in 1878 and died in 1929, folloiving a hemorrhage. Of the 
nine living siblings (there had been 10 miscarriages) in the patient’s generation, 
all but two had the bleeding trait, and the patient’s only living son, a 10-year-old 
boy, although showing no telangiectases had frequent epistaxis. The details 
' of the family tree may be found in the accompanying chart (Table 6). 

Past History: The first bleeding occurred at the age of 17, five years after 
the menarche. It took the fom chiefly of severe nosebleeds, -u^hich at times 
caused such weakness that the patient went to bed for a day or two. They 
occurred as often as tivice a week, although there were periods lasting as long as 
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several months when she was relatively free from these attacks. Usually Ro 
precipitating factor was Imomi. During her twenty-ninth year many red spots 
appeared on her face, ears, tongue, and the skin of her arms, chest, and legs. 
A-t the same time she noticed an e-xtremely severe monthly epistaxis coterminous 
ivith menstruation. She was married at the ago of 21 but did not become 
pregnant for 8 years. A full-term child was bom dead. Delivery was attended 
by a very profuse nosebleed. A second child was bom two years later and has 
been healthy except for nosebleeds. 


TABLE 6 



osier’s disease 


ASTERIAl. SPniESS 



Liver disease 

Pregnancy 

Normals 

Deficiency disease 

familial history 

+ 


I 1 

Often 

Often + 

Hemorrhage from 
lesions 


Rare 

Several instances 
in this series. j 
Not cited in lit- 
ature. * 

Rare 

Rare 

Age at appearoncQ 
of lesions 

, In most coses, 20- 
30 ycara 

1 

1 During disease; 

usually at 
i timeofrelapse 

1 or excerbation 

2nd-^th month 

At birth and 
puberty 

Any time 

Morphology 

Punctiform; more 
rarely, spider 
formts 

fa’pider 

Spider 

1 

Spider 

Spider 

Pressure in the 
vessels 

Color 

Fades partially 
with 3l>-90ihm, 
Hg. 

Bed-purple 

Periphery fades at 10-20 mm. Hg. ; all but tbe center fades at 50-70, 
and disappears at 70-00 . 

Bright fiery led 

Size (overage) 

1-3 mm. 

Center 1 

1-10 Cm. 

1-3 mm; area cove 
1-5 cm. 1 

red by radicles, 1- 
1-3 cm. 

10 cm 

1-3 cm. 

Number (average) 

Hundreds 

19 

7 1 

3 

4 

Bkin temperature 

No elevation de- 
tected by tech- 
nique used 

Elevated 1-3*C 

Elc\’ated J-2*C ' 

I 

Elevated 1*0 

Not tested 

Distribution 

Umvcrsal. Many , 
in Certain ex- 
posed mucosal 
surfaces and in 
skin 

Most on face, neck, arms, and chest. Very rare below tbe diaphragm. 
OccosionalU' eecn in mucous membranes (see charts) 

Behavior after 

Fade 

Disappear 

Disappear 

Disappear 

Disappear 

Behavior after 
bemonhage 

Fado 

Fade 

Fed© 

Fade 

Fade 

Disease of liver and 
and spleen 

Infrequent 

Usual 

1 

Not Seen 

Not seen 

Possible 


Examination; When first seen the patient was in shock and some bleeding 
still continued from the nose, which had been packed. The skin was pale, with 
a bronze tinge, and a faint indication of cyanosis added to the unusual color. 
Very few of the telangiectatic lesions wore apparent until she had been given 
transfusions. They reappeared first in the tongue and ears, then on the cheeks 
and arms, and finally on the feet. None was found in the conjunctiva or the 
Phaiynx, but the nasal septum was cormgated -with masses of vessels. The 
picture (Fig. 27) shows the appearance of the face and ear. The lesion in the 
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ear assumed the form of a uet-lihe series of puncta and connecting vessels 
whereas over the cheeks the sharply demarcated, slightly raised papular lesion 
IS clearly seen. 

Laboratory studies: Other than the profound microcytic hypochromic anemia 
there were no abnormal findings. The Needing, clotting and prothrombin 
times were normal. 


TABLE 7 





• — ^Affected persons 
O — Persons not affected to date (1942) 

* — Case 8 

Family Tree in Case 8 {Osier’s disease) 

Course: Following repeated transfusions the patient’s condition improved 
and she was discharged. She refused cautery of the nasal vessels. 

Discussion 

Clinical and anatomical data on the vascular spider have been presented in 
detail. It remains to consider certain philosophical aspects of the problem 
which are still shrouded in ambiguity and doubt. What is the nature of the 
vascular anarchy behind the spider? What influence does heredity have? 
Under what humoral tides do the lesions come and go? What local and regional 
forces cause them to congregate in clusters in the upper parts of the body, 
leaving the nether regions free, or sparsely sprinkled? Do they serve any 
purpose? Such questions serve to focus the light of inquiiy upon our ignorance. 

Herediiy: Until we Imow the specific cause or causes of vascular spiders and 
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of their coming and going, we assign to that much abused force — heredity a 
role in determining their erratic occurrence. Predisposition has in its favor 
the fact that family groups were obser\'ed among the patients classed as normal, 
pregnant, and those vith vitamin B-complex deficiency syndromes. It was 
not established, however, even in the majority of all persons studied in these 
tliree classes; and was singularly inconspicuous among those wth diseases of 
the liver. Furthermore, it is impossible to exclude some unknown environ- 
mental cause common to the families udth several affected members. 

It has been alleged that this hereditary tendency may be expressed in an 
anthropological type peculiarly susceptible to hepatic cirrhosis (43, 44, 47). 
The term, Chvostek’s habitus, is found frequently in papers on the etiology of 
cirrhosis that have appeared in the continental literature. Chvostek (43, 44) 
wrote at length on the pathogenesis of tliis disease, concluding that certain 
families displayed an hereditary tendency which expressed itself physically 
in the male in hypotrichosis of the trunk, axillae and pubis, uith dense hair on 
the brows, and a full beard Enlargement of the pineal was said to occur, along 
with a small thyroid, changes in the hypophysis, and atrophy of the testes. 
These abnormalities may be found in some persons with cirrhosis, but certain 
considerations, to be discussed later, suggest that they may be a sequelae rather 
than forerunners of the disease, a part of it rather than a cause. The concept 
of an inherited tendency to hepatic disease includes the idea of an inherited 
susceptibility to the occurrence of vascular spiders in cirrhosis (141, 142, 144). 
CiJdvafiki (47) believed that the common constitutional cause of both cirrhosis 
and spiders in persons \rith Chvostek’s habitus was a tendency on the part of 
the connective tissue to proliferate. He cited examples of the simultaneous 
occurrence of Dupuytren’s contracture and cirrhosis in several members of a 
family. His reasons for supposing that vascular spiders are composed of con- 
nective tissue were not given. The evidence brought forward in' the present 
paper does not refute the concept which Chvostek propounded. It does how- 
ever cast doubt upon the thesis that there is a common cause for cirrhosis and 
vascular spiders, for we have shown that contrarj' to the allegations of Ci56va6ki, 
spiders occur in other forms of hepatic disease than cirrhosis, and also under 
other circumstances. 

Humoral Causes: There is much to suggest that a humoral agent causes the 
vascular spider. This has been hinted by several obsen'ers who have written 
of spiders in pregnant women (33, 34, 71, 134, 182). In hep.atic disorders no 
one functional derangement and no invariable clinical sign is associated with the 
lesion. This means either that no single cause operates, or that we have not 
found its measure. Since there are so many features common to the vascular 
pider of hepatic disease and those occurring in the other categories discussed, 
it may bo suspected that one cause has provoked these lesions, wherever found! 
This speculation prompted a closer exanunation of endocrine factors which might 
be blamed. The arguments, outlined in a brief note (15), irill be recapitulated 
hero. Wliatever merit they possess is ba.scd on clinical obser\'ation and analogy. 
They can bo subjected to proof or refutation by fairly simple clinical experiment. 
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It would be unfortunate if the speculations themselves were allowed to coagulate 
into dogma before being put to extensive tests, but circumstances have over- 
ruled any immediate possibility of carrying out such tests. ' 

Endocrine Disorders in Chronic Hepatic Disease: Paucity of general knowledge 
of endocrine disturbances in chronic disease of the liver appears to result from 
textbook inertia the failure of anyone to bring together many scattered ob- 
servations. The first episode to direct our attention to a consideration of endo- 
crine dyscrasias in hepatic diseases was the resumption of uterine bleeding, 
irregularly profuse or scant, in a 53-year old woman with cirrhosis who had 
undergone the menopause nine years previously. There was no lesion in the 
uterus to account for hemorrhage. Uterine bleeding appeared at the same 
time that a crop of vascular spiders developed, and was repeated six weeks later 
follo^ving an exacerbation in the severity of the cirrhosis characterized by coma, 
jaimdice, increasing ascites, a faUing-off in certain liver functions, and a new 
blossoming-f orth of spiders. It was suspected that prothrombin deficiency might 
be the 'cause not only of the uterine bleeding but possibly of the vascular spiders 
as well. A prothrombin deficit was not found, however, and administration of 
vitamin K did not affect the bleeding. Numerous studies have been made 
since that time but have given no indication that vitamin K and the liver’s role 
in its metabolism are related to the vascular spider (13). Subsequently, other 
examples of the resumption of long inactive uterine bleeding have been observed. 
Whether “estrogenic” function resides in a variety of 17-ketosteroids normally 
inactivated or excreted by the liver is speculative. In women in whom cirrhosis 
has developed before the menopause, two types of reaction have been seen. 
Menstruation which had been regular became erratic, often noth intermenstrual 
hemorrhage. In a few instances a diminution of menstrual flow occurred, even 
to the point of complete amenorrhea. Whether this was the same type of 
amenorrhea that occurs in other severe or prolonged illaess, is uncertain. The 
majority of patients suffering from menstraal disturbances, however, have had 
increased bleeding or a resumed menstrual flow. This is compatible with the 
notion that the liver is incapable of carrying out its normal function of inactivat- 
ing or excreting estrogens. Similar observations have been made repeatedly 
in the past (112, 138, 153, 161, 162). 

Impotence in the male is a common symptom during the phase of cirrhosis 
\vhich may be called hepatic decompensation (65, 153). In a few men, par- 
ticularly Negroes, this rather than any other inconvenience has been the real 
reason for seeking aid from the physician (13). The problem of impotence is 
many-sided and errors in finding the true cause are easily committed, but in 
some patients mth cirrhosis the correlation of its advent and departme to the 
w^axing and waning of the clinical severity of the disease was so close as to seem 
significant. This does not necessarily mean that the cause of the impotence is 
an endocrine disturbance dependent on some hepatic failure. The same phe 
nomenon is not rare in other diseases wliich undergo remissions and relapse.s, 
with the notable exception of tuberculosis. A strong argument favoring a direct 
endocrine cause exists in the testicular atrophy present in some impotent patients 
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who have had cirrhosis lor a long time (13, 153). This has occurred in the 
absence of generalized wasting. Curiously enough, in an occasional case libido 
and potentia have increased during an exacerbation of the disease (13). These 
obsci’vations indicate a disorganization in the endocrine regulation w'hich or- 
dinarily keeps such functions witliin bounds, and warrant closer study of these 
phenomena by those expert in appraising a field wrhere reticence or braggadocio 
may lead the unwary astray. 

Alterations in secondai-y sex characteristics have been observed in a few 
cirrhotics with spiders (13). Most notable of these is a partial depilation of 
the body which may be so extensive that the distribution of hair in an adult 
male cirrhotic resembles that of a cliild. Eppinger noted this in 1925 (64). 
Hair on the chest and over the abdomen becomes sparse, and it is thin in the 
pudendal and axillary regions. Sometimes shaving of the beard is required less 
often than previously, but as a rule the beard and scalp are affected very little. 
A hairy chest and abdomen are rare in cirrhosis although baldness is uncommon. 
Three men who had themselves been aware of losing hair from the chest, belly 
and axillae during hepatic failure, found that when they stopped drinking 
alcohol and had ample meals regularly, so that the severity of the cirrhosis 
abated, their spiders receded and their hair returned to its erstwhile state 
within a period of three to six months. This was very striking. In tw'o others 
the hair has come back surprisingly well although no diminution has occurred 
in the size or number of the vascular spiders (13). 

Paisseau and Oumansky (138) described an hypophysial syndrome in cirrhosis 
of the liver and splenomegaly, which w'as characterized by hypotrichosis, altered 
distribution of body fat, retarded or reduced sexual development and activity. 
Laignel-Lavastine, Troisier and Boquien (112) further elaborated the picture 
and reported more or less complete hairlessness and evidence of insufficient 
thyroid and ovarian function in hepatic cirrhosis. ‘Additional disturbances 
along these lines were studied by de Gennes, Delarue and de Vcricourt (77) in 
pigmentary cirrhosis. The syndrome they depicted was notable for the cardiac 
failure, low basal metabolism, atrophy of the thyroid, pancreas, adrenals and 
testicles, and hypertrophy of the prostate occurring in young males with cir- 
rhosis. The degree of infantilism was extreme. The large flabby heart con- 
tained no more pigment, nor was the pigment distributed differently, than in 
patients dying of hemachromatosis without heart failure. Similar cases have 
been recorded (5, 6). 

Gynecomastia'in cirrhosis has been reported by Edmondson, Glass and Soli 
(57), who gave a synopsis of the European literature. They found badly dis- 
turbed metabolism of estrogens and androgens at a time when gjmecomastia 
was well established. There was only one instance of this complication in our 
patients with va.scular spiders, and it occurred before its significance was sus- 
pected. In two male patients with cirrhosis whom we have seen recently, one 
or both breasts have become painful but only slightly enlarged (Eig. 8), in much 
the same manner ns may occur in boys at puberty. 

The observations of Hench (94, 95, 96) on the ameliorating effects of jaundice 
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and of pregnancy upon certain forms of arthritis, effects produced perhaps by 
a common mechanism, also suggest a relationship between this mechanism and 
the etiological factor behind spiders occurring in the two conditions. This 
possibihty, bolstered by the known influence of estrogens upon skeletal and 
joint tissues (56, 167, 168), may be another link in the chain of circumstantial 
evidence favoring a hormonal cause of spiders. The possibihty that the 
B-complex vitamins, especially riboflavin, are important in the mechanism 
of the action of the hormones has been discussed by Biskind and Biskind (24-28). 
Their work opens a new field of study on the complex problem of inter-related 
vitamin and hormone functions. The possibility that the vascular spiders in 
subjects with vitamin B-complex deficiency states may be caused by hormonal 
disequilibrium resulting from perverted hepatic function engendered by this 
deficiency, is not established by our observations. But neither is it ruled 
out of court 

This assembly of isolated observations indicates that endocrine disturbances 
ma}’’ comphcate the clinical course of cirrhosis. These phenomena are relatively 
uncommon and have been absent from most cases explored carefully for such 
disorders. Nevertheless, the fact that there might be prolonged estrogenic 
action suggested that the possible relationship of estrogens to spiders be pursued 
further. 

The investigation planned to test this idea was discontinued almost at the 
start. In two of the three persons uith cirrhosis to whom estrogens were given, 
the spiders returned (15). Inunction of estrogens into the skin was discontinued 
before a thorough trial had been made, but no positive results had been detected 
(13). Much clinical and laboratory information indicates that the liver’s 
action in maintaining proper levels of circulating estrogens may fail in hepatic 
disease. The clinical course and natural history of vascular spiders, although'' 
roughly following the relapses and remissions of cirrhosis, do not parallel any 
of the usually tested hepatic fimctions nor do they follow in the wake of such 
changes. It is not unreasonable to suppose that the perversion of some hepatic 
function is responsible for this class of vascular spider. The most probable 
cause, on the basis of clinical analogy, appears to be the liver’s failure to keep 
circulating estrogens at a normal level. The occurrence of vascular spiders 
in pregnancy gives additional evidence to support this idea. The known in- 
fluence of estrogens on the arteries of the endometrium, so brilliantly expounded 
by Barthelmez (10, 11) and Markee (123, 124), makes plausible a qualitatively 
piTnilfl.r action on other arteries throughout the body. The typical vascular 
spider of the sldn, a coiled and enlarged end-arterj'' of Benaut, may be but one 
manifestation of a series of related changes in the small vessels of the body 
generally. These may be noted in the mucous membranes, the skin of the 
nose, the palmar and more rarely plantar erjd^hemas, the “paper money" skin, 
and engorgement and vascularization of the nasal mucous membrane. The 
suggestion is put forward that these phenomena are the result of prolonged 
action of estrogens and related 17-ketosteroids upon the small arteries throughout 
the body, especially those of the skin. 
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There are strong arguments against a humoral cause of vascular spiders. 
This liypothesis does not account for the uneven regional distribution and at 
first glance this objection appears overwhelming. No answer can be given if 
the view is taken that a humoral cause is the sole mechanism involved. Local 
factors must be brought in. In many diseases (pellagra, syphilis, the exanthe- 
mata) characteristic cutaneous lesions are evoked by humoral forces of bio- 
chemical or infectious nature cooperating with local factors which determine 
the position and extent of the changes in the skin. The term, locus minoris 
rcmtenliae, however little it offers in the way of e.xplanation, nevertheless is 
the expression of a well known phenomenon. Therefore, a humoral agent 
might give rise to dermal changes which would follow a standard focal pattern. 

Another argument against an underlying humoral cause is found in the 
abruptness of onset, of disappearance, or precipitous expansion or decrease in 
size, of a vascular spider. This is not the mle, because change in size is usually 
slow and easily measured, but individual spiders may literally vanish or appear 
over night. However, such abrupt vascular changes arc not foreign to at least 
one condition which is regulated by hormones, namely menstruation. 

The chief argument against an endocrine causation for vascular spiders lies 
in an event which although uncommon is observed often enough to eliminate 
anomalous behavior, that is, the concomitant fading of one lesion and the 
new appearance or enlargement of another in the same subject. I do not Imow 
how this fact, which has boon observed by Patek” also, can be reconciled rvitli 
a humoral causative mechanism. It may prove to he utterly destructive of 
this hypothesis. If one may assume that very strong regional influences operate, 
perhaps erratically and not to the same extent in several parts of the body, then 
the speculation is permissible that the vascular anarchy is suppressed in one 
area by unknown local powers while humoral forces preponderate in another to 
produce or expand a spider. Or the reverse might be tine. In this connection 
it is of interest that Clark and Clark have noted the puzzling concomitant 
appearance and disappearance of arteriovenous shunts in adjacent areas of 
the rabbit’s ear. 

If vascular spiders are caused by estrogenic substances, the latter are not 
necessarily of ovarian origin since the lesions occur in males, and before puberty 
and after the menopause, in w'omen. 

A final objection might be raised that spiders have not been noted in clinics 
where estrogens arc administered in high dosage. The fact that they have not 
been noted does not necessarily indicate that they do not occur, because spiders 
may be overlooked unless one is on w'atch for them. Many patients are un- 
aware of their presence. 

Infoi-mation about local causes or regional predisposition is mostly indirect, 
and there is more speculation than fact. The distribution of vascular spidere 
is unique. tVliy the body is affected in so uneven a fashion is not known. 
Since unmistakable lesions occur below the navel, even on the toes, the forces 
which determine localization are relative and not absolute. Whether they are 
Letter to the author. 
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operative upon tissues of the small arteries in the skin, or are related to physio- 
logical variations in the tone of the vessels, cannot be answered from the data 
at hand. 

A number of isolated observations on the role of injury in evoking- the lesions 
have been made during this study. They would seem to support the thesis 
occasionally advanced that trauma acts as an agent in pro'ducing the spider at 
a particular site (25, 143, 145). In a case reported elsewhere (17) several 
spiders were removed for histological study. As one of the wounds was healing 
it was observed to be extremely vascular, men healing was complete, a new 
spider was found to have usurped the site of the old one, having its body exactly 
in the sear. Several tiny spiders formed in some of the spots where the stitch 
wounds had been, and at the same time other new spiders appeared elsewhere. 
This occurrence is a variation of a phenomenon which has come under observa- 
tion several times. By making charts and talcing photographs, it has been 
found that a single lesion may fade, disappear, and recur in its original site. 
The vessels in one spot must therefore possess a peculiar propensity for reacting 
to the causative agency. In the case just reported, the skin was subjected to 
the closest inspection during the interim between removal of the first spider and 
the appearance of the second one in the same location, but no abnormal vessels 
could be found. In another patient Avith cirrhosis a spider developed at the 
site of an abdominal paracentesis (See Fig. 20). A similar result has not been 
detected in any other case although many patients have been subjected to the 
same procedure. The uncommon location on the lower part of the abdomen is 
of interest. This patient and the one mentioned above also had palmar ery- 
thema (17). 

One very observant patient, who had first acquired spiders during pregnancy, 
noticed that local changes Avere effected in a very unusual way at a time when 
she was not pregnant. FolloAving donation of a pint of blood, a new crop of 
spiders appeared on the arm Avliich had had a tourniquet on it for about 20 
minutes. They did not arise as petechiae but were characteristic Avhen seen 
three days after onset. 

Other evidence of the predisposing effect of trauma is mostly indirect. Some 
patients believe that the lesion commenced as a small pustule. I have never 
seen this occur. In the literature one fiinds remarks on the initiation of spiders 
by insect bites, bee stings and minor local injurjL Many attempts to produce 
lesions by inducing injury again and again at one spot in susceptible subjects 
have never met with success even though spiders appeared elsewhere. A 
point has been marked in the skin and enough histamine injected to produce 
the usual local reaction, two times a week for a month, but this met with no more 
success(13). Clark and Clark (48, 49) have noted the stimulating effect of 
inflammation on the development of arteriovenous shunts. Since vessels groAV 
so rapidly in granulation tissue, foreign bodies or bacteria injected into the 
sldn of susceptible subjects might provide additional information in our problem. 

A note on teleology: The thought has recurred frequently that vascular spiders, 
palmar and plantar erj^hema, and related vascular changes in the skin might 
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have a {unction in temperature regulation, serving ns an enhanced cooling 
mechanism, as does the true glomus. The structure of the vascular spider 
and the physiological state in palmar erythema are ideally suited to getting a^ 
large volume flow of blood to the skin surfaces.- Whether purposeful or not, 
heat is readily lost under such circumstances. In some cirrhotics (153), in 
pregnant women, and in victims of chronic pulmonary .disorders, spiders and 
palmar erythema might possibly represent an unusual response to strong or 
repeated stimulation to lose heat. This is not utterly fanciful because Clark 
and Clark (48, 49) have shou-n that at least for the rabbit ear, repeated exposure 
to unseasonable heat causes the formation of numerous arteriovenous anastomo- 
ses, which tend to disappear when the stimulus is removed. The notion of useful 
function in respect to spiders is mentioned merely as a speculation. 

The possibility that the vascular spider, like the glomus, is in some way 
connected ivith cutaneous sensations, especially in the perception of tempera- 
ture changes (79, 80, 81), has not been studie'd. Nothing in the present work 
has suggested such a function. 

Suggestions for further study: Before work on the problem of vascular spiders 
was interrupted, a number of studies were in progress or had been outlined. 
Much more work needs to be done on biopsy specimens. This will depend in 
part on the development of a technique for obtaining the vessels with their 
natural relationship preserved, perhaps by injection in situ. There is need 
for serial sections and reconstruction of specimens obtained from persons in 
the several categories in which spiders occur. An attempt should bo made 
to discover whether the histological structure is uniform; and the significance 
of lesions without glomus cells must be determined. In keeping with newer 
concepts of dermatology, the skin generally should be studied, because even 
casual inspection may reveal abnormal vessels in the sldn in addition to the 
characteristic stellate forms. Because very great enlargement of superficial 
and esophageal veins in cirrhosis is common, these structures too should be 
examined for the glomus typo of cell. Further study of inunction of estrogens 
and related compounds into the skin and its nutrient blood vessels should prove 
of interest. Similarly, the estrogens might be applied directly to the vcs,sels of 
the rabbit ear by the methods perfected by Clark and Clark (48, 49). Changes 
in cutaneous vessels should be looked for in clinics where estrogens are used 
extensively. Finally, tissue culture, which has proved so valuable in the hands 
of Murray and Stout (133, 175), might offer a method of estimating the effects 
of hormones on the peculiar cell of the vascular spider. 

Rnsuirfi 

1. A review of available medical papers on the cutaneous arterial spider 
indicates that it emerged as an entity from the confusion regarding telangiectases 
and angiomata about 75 years ago (Wilsou). Its relationship to hepatic disease 
also became apparent at that time. Fifty years ago it was recognized as occur- 
ring m normal persons (Hutchinson, Besnier and Doyon). The association 
of telangiectasia with pellagra, perhaps complicated by hepatic disease, was 
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kno^TO 35 years ago (Majocchi), but attention has been directed to the oc- 
currence of spiders in vitamin-deficiency syndromes for the first time in the 
present study (15, 16, 17, 18). Their significance is debatable. That spiders 
may be regarded definitely as a complication of essentially normal pregnancy 
was first perceived 30 years ago (Corbett). At various times they have been 
recognized in other diseases. 

2. A detailed description of the spider has been presented. This sometimes 
evanescent alteration of the small vessels of the skin is characterized by a central 
point or body, branching legs or spokes, and an erythematous region encom- 
passing these structures, often extending beyond the radius of the legs. The 
bright red color and increased temperature bear mtness to the profusion of 
arterial blood brought near the surface. Blood flows centrifugally from the 
punctum towards the perimeter, and measurements of pressure reveal the 
arterial nature of the blood. Tliis is verified by the use of infra-red photographs 
in which the structure, red from its content of arterial blood, is lost to view. 

3. The arterial spider is frequently a peculiar manifestation of a wide-spread 
disturbance present in the small vessels of the skin, mucous membranes, and 
perhaps other portions of the body. This disturbance may also be expressed 
as a striking mottled erythema of the palms, and less often of the soles. In 
the latter regions typical spider forms are veiy uncommon. The external aspect 
of the nose is implicated in many instances. Vascular brushes, mats, and 
chaplets over the trunk may be associated vdth these lesions, 

4. The structure of the spider is unique. The main vessel is an artery larger 
than those usually arising in the subcutis. It courses through a coiled and 
tortuous passage almost to the surface of the skin, where it breaks up into a 
multitude of branches wloich spread out immediately below but parallel to the 
surface. In its gross aspects the main vessel mimics the spiral artery of the 
endometrium. In addition to the pulsation, a whip action imparts a surprising 
impact over the small central spot, pai'ticularly when the latter is elevated 
above the sunuunding skin The general architecture implies that the spider 
is an overgroum artery of Renaut. The main structure suggests hyperplasia 
and hypertrophy, being angiomatous in nature, while the radicles may he true 
telangiectases. An attempt to answer the question whether hypertrophy alone 
or benign neoplasia can rightly be said to constitute the evocative force behind 
the spider, would carry us beyond the scope of this paper. 

5. Microscopic study has revealed that in most, but not aU spiders associated 
with hepatic disorders, the artery has in its walls the glomus cell, the pericyte 
of Zimmermaim, ancestor 'of the smooth-muscle cell of vein and artery. Tins 
cell is distributed in iiTegular profusion and sparsity in the walls of the main 
arterj’’ of the spider, in cuffs and eccentric beads which alternate vath re^ons 
where the cells are scarce or absent. In some of the larger branches or legs this 
beading may be present also. In most of the branches, however, muscle cells 
are absent, and large vessels with thin walls sprout directly from an artery 
with thick walls. This merging of artery into vein by so promiscuous an inos- 
culation has given rise to the belief that the spider is an arteriovenous anastomo- 
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sis, and in the strictly literal sense this is true; or, to express it more accurately, 
the spider contains many arteriolar-venular anastomoses. But tliis significant 
difference exists— the branches carry arterial blood into smaller vessels wHch 
finally pass into capillaries, from wliich the blood is collected by veins that in- 
crease in size as the perimeter of the spider is reached. The concurrence of 
spiders and erythema of the palms and digits, and their precise limitation to 
the areas supplied with plentiful glomus bodies, furnish strong corroboration 
of their fundamental kinship. 

6. The pattern of distribution is peculiar and characteristic, with some 
variations in the several groups. The face and neck are affected preponderantly, 
the arms and upper portions of the body less frequently, while only rarely do 
the lesions appear below the level of the midriff. The reason for this peculiar 
distribution is not knoirn. A possible factor may be the variation of tone in 
the small vessels of the skin: spiders are uncommon where the vasoconstriction 
is strong, plentiful where it is relaxed. Thus the flush area is implicated in 
most instances. The fact that plantar erythema is much rarer than that of the 
palms also fits such an explanation. The mucous surfaces of the body have been 
explored too little to permit conclusions, but most of the lesions occurring in the 
mucosae have been found in the nose, mouth and pharynx, nith few in the 
rectum and genitourinary tract. 

7. Spiders may occur in the following classes of persons: 1) Subjects with 
hver disease; 2) Pregnant women; 3) Persons with deficiency disease caused by 
lack of the B-complex vitamins; 4) Normal persons. 

' 8. The observations we have recorded demonstrate that the spider tends to 
occur as a complication of hepatic disorders when they are long and severe, 
but that no common sign or functional variation parallels its fluctuations, fore- 
shadows its advent, or anticipates its regression. In pregnancy spiders usually 
appear anywhere from the second to the fifth month, and in most cases fade 
abruptly during the period of uterine involution. They appear to be directly 
associated ivith deficiency diseases only when the liver is deranged. In many 
instances their occurrence appears to be fortuitous. In the presumably normal 
persons so affected they are governed by forces which are altogether obscure. 

9. The differentiation of Osier’s disease (hereditary hemorrhagic telangiectasia) 
from the vascular spider has been considered in detail. The vascular aberration 
in Osier’s disease is ubiquitous in distribution, pervading the inner reaches of 
the body ns well as its mucous and cutaneous surfaces; it gives rise to repeated 
hemorrhage from trivial trauma; having once become manifest it does not regress; 
and it is inherited as a dominant trait. It is usual for a largo number of lesions 
to occur in any victim of this disease. In size and shape this telangiectasis 
differs from the vascular spider. It is smaller, punctate, often of firm con- 
sistency, purplish in color, and only rarely is it pulsating. Although the vessels 
carry arterial blood, the lesion is a tangle of thin-walled, dilated, contorted 
vessels near the surface, and is not conspicuously warmer than adjacent skin. 
The photographs reveal other characteristic differences. The vascular spider, 
per contra, has a special predilection for the upper parts of the body, particularly 
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the blush area, but may occur in mucous surfaces; it may bleed, but this has 
occurred in fewer than 5% of our subjects. The role of heredity is not certain 
but a familial tendency is sure in many instances. Spiders have a most curious 
faculty of changing size, of appearing and disappearing, of coming in explosive 
eruptions and perhaps fading away almost as precipitously. Many lesions are 
large, measuring in rare cases two or more inches in greatest diameter. Then- 
shape is well described in their name. 

10. The hypothesis has been advanced that a cause of this alteration in the 
small arteries of the skin is an increase or qualitative change in circulating estro- 
gens or hormones of related chemical structure, a change that is normal in 
pregnancy, pathological in hepatic disorders in which the liver fails in its func- 
tion of keeping the 17-ketosteriods in balance and at a proper level. Many 
clinical data support this concept. Crucial evidence is not at hand, but the 
problem is susceptible of experimental trial. 

11. The possibility that the spider, the red palm, and related erythemas are 
structures designed to enhance heat loss has been mentioned. 

12. The questions this study leaves unanswered indicate that investigation 
of the vascular spider is a field which could be worked with profit. 
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THE CHEMICjUj separation AND THE CLINICAL APPRAISAL 
OF THE COMPONENTS OF THE BLOOD 

EDWIN 3. COHN 

Dejiarlment of Physical Chemistry, Harvard Medical School, Boston 

PASSANO AWARD ADDRESS delivered in Baltimore, Maryland, May 16, IBlfi 

The chemical properties of the proteins and lipids of the blood, as of other 
tissues, are only beginning to be apprehended. Tlie physiological and immuno- 
logical functions of the tissues depend upon the molecular architecture of these 
natural substances. Insight into their properties is yielding on the one hand a 
new morphology, on the other a new physiology, immunologj' and pharmacology. 

An approach to clinical medicine based on an understanding of the functions 
of the body at the molecular level may also be anticipated. Insofar as the func- 
tions of each protein, lipid or carbohydrate component of a tissue arc understood, 
a rational therapy to repair deficiency of this component may be envisioned. 
The fundamental knowledge of the body and its tissues at the level of the inter- 
acting molecules and ions upon which its structure and function depend can, it is 
tnie, bo acquired but slowly. In these terms, however, an understanding may 
be sought of organization in health and of the disorganization which is disease. 

Are we developing medical investigators to approach their problems with this 
traimng or ndth this insight? We recognize the chemical nature of biological 
phenomena and we study the influence on bodily processes of a large number of 
chemical substances. Does it suffice, however, for the chemist to prepare the 
molecules in which he is interested, and for the clinician to attempt to discover 
by trial and error their behavior in the body and their possible value in therapy? 
The pliarmacopoeia contains many substances which were discovered where 
time and space separated the chemist, with his insight into molecular structure, 
from the clinician, with his insight into the range of phenomena associated with 
disease. If empiricism is to give way to thcorjq however, we must discover a 
pattern for research in which different disciplines contribute to the development 
of an integrated understanding. 

The achievements which you are recognizing and honoring wore bom of an 
attempt to develop such a pattern. Asked in 1040 whether we rvould undertake 
a study of blood substitutes for the National Research Council and agreeing that 
the development of such substances was in essence a chemical problem, we replied 
that the rapid progress demanded by the threat of war could be achieved only by 
intimate day-by-day collaboration of the chemist and the histologist, the im- 
munologist, the internist and the surgeon. For almost five years a group of men 
have labored togotheri in the hope of furthering a systematic understanding of 

development fias ineludcd G. Scatclmrd, ,1. T. 
w.li. Hughes, Jr., Major R. M. Ferry, D. J. 
aiuiloru, D. A. Jtichort, h. Broun, A. H. Sparrow, JI. Mclin, J. N. Ashworth, A. C. 
Batcliolder, M. 11. Blanchard, J.W, Cameron, II. T, Gordon, P.M. Gross, Jr., S. G. Miilerj 
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the chemistry and functions of the blood proteins as a rational basis for blood 
therapy. 

In honoring me you are honoring this group of brilliant collaborators. The 
results that have been achieved, and the products that have been made available 
to the ^med Forces are the outcome of the merging of physical and chemical 
^th histological, immunological and clinical thinking. The interplay of the 
ideas of my collaborators, trained in different disciplines, has yielded a series of 
products from the blood collected by the American Red Cross. Certain of 
these— serum albumin, the gamma globulins, the blood grouping globulins, 
thrombin and fibrin foam — have been prepared in large amounts under Navy 
contracts. Others, developed under contracts with the Committee on Medical 
Research of the Office of Scientific Research and Development, for which chemi- 
cal studies are complete, as in the case of fibrin film, can now be made available 
to the Armed Forces. Should any of these, or other derivatives of therapeutic 
value, developed from the blood contributed by the American people to the 
war effort, become available in excess of military needs, it is to be hoped that the 
American Red Cross may arrange — as they have in the case of the gamma globu- 
lins — ^for their return to the people in the interest of the national health. 


P. R. Morrison, Lt. H. L. Taylor, H. (S.), U.S.N.R., U. E. J. Klein, H.C., U.S.N., 

M. M. Hasson, M. H, Smith, C. G. Gordon, M. J. E.,Budka, M. Y. Clark, M. E. Collier, 
J, Weeks, R. N. Keltj^ L. H. Larsen, and G. N. Thurber. 

Our clinically trained colleagues have included the late Soma Weiss, C. A. Janeway, 
S. H, Armstrong, Jr., O. T. Bailey, F. D. Ingraham, Lt. Comdr. S. T. Gibson, M.C., L.S. 

N. R., Lt. Comdr. L. M. Woodruff, M.C., H.S.N.R., Lt. E. A. Bering, Jr., M.C., U.S.N.R., 
Lt. J. T. Heyl, M.C., U.S.N.R., C.v. Z. Hawn; C. W. Ordman, W. Berenberg, H. Schlesin- 
ger; and the immunologists, J. F. Enders, W. C. Boyd, Lt. L. Pillemer, Sn.C., A.U.S., 
J. C. Sullivan and their assistants. 

In addition, we have been greatly aided by the collaboration of the Bureau of Medicine 
and Surgery of the United States Navy, by the American Red Cross, by members of the 
Subcommittees on Proteins (Chemistry), on Blood Substitutes and Neurosurgery (Medi- 
cine) of the National Research Council, by many colleagues in other departments of Har- 
vard University, among them, 0. Krayer, L. K. Diamond, G. W. Thorn, J. G. Gibson, 2d, 
F. D. Moore, F. H. L. Taylor, C. B. Favour, and in other institutions, notably by H. B. 
Vickerj’- of the Connecticut Agricultural Experiment Station, A. R. Dochez of tlie Com- 
mittee on. Medical Research of the Office of Scientific Research and Development; E. S. A. 
Robinson and G. Edsall of the Massachusetts Antitoxin and Vaccine Laboratory, Capt. L. 
R. Newhouser, M.C., U.S.N. of the National Naval Medical Center, Lt. Col. D. B. Kend- 
rick, Jr.,U.S.A. of the Army Medical School, J.M. Luck of Leland Stanford University, and 
J. W. Williams of the University of Wisconsin, J. Stokes, Jr„ of the Commission on Measles 
and Mumps, Board for the Investigation and Control of Influenza and other Epidemic Dis- 
eases of the Army, D. D. Rutstein of the Department of Health of the City of New York, 
D. W. Richards, Jr., of the College of Physicians and Surgeons, Columbia University, and 
Bellevue Hospital, E. A. Stead, Jr., of Emory University, 0. H. Wangensteen of the Univer- 
sity of Minnesota, and the groups associated with them. 

Our own work in recent years, as well as that of many of our collaborators in other 
tutions has been carried out under contract recommended by the Committee on Medica 
Research to the Office of Scientific Research and Development. 
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BED BLOOD CELLS 

Blood is the fluid tissue of the body which is in equilibrium rvith all other 
tissues. Into it are poured the hormones which regulate many bodily functions. 
Even the most copious components of the blood, the red blood corpuscles con- 
cerned uith respiration and the albumin largely responsible for maintaining the 
equilibrium in water and electrotytes between blood and the tissues, are formed 
in other tissues of the body. In normal man their life in the blood stream, as 
that of many other natural protein and lipid components, is limited at most to a 
matter of months. When they arc lost from the blood stream replacement 
therapy should take into account the rate of their regeneration, in order that 
their concentration in the blood and as reserves in the tissues approach the normal 
level; in order that noimal concentrations of blood components be re-established 
and not deranged as they may be by introduction into the body of foreign sub- 
stances. 

When there has been severe loss of blood or when major operations arc to be 
performed in which severe blood loss is anticipated, it is necessary to supply the 
red blood cells present in whole blood in sufficient amount and to restore the rate 
of circulation of the blood so that adequate amounts of oxygen are supplied to 
the tissues. The oxygen is transported by the hemoglobin concentrated within 
the rod cell. Wliercas the protein content of the surrounding plasma is but 
7 per cent, the hemoglobin content of the red cell is over 30 per cent. Is the 
function of the red cell to concentrate the oxygen-bearing protein to this extent 
without deranging the equilibrium in water and oloctrolytos between blood and 
the tissues? 


SEBUil ALBUMIN 

Albumin is the protein in plasma largely responsible for maintaining the volume 
of the blood. The force which holds water in the blood stream and which is 
exerted by the molecules to which the blood vessels are impenneable is colloid 
osmotic pressure. The fibrinogen, which is the structural element of the blood 
clot, represents but 4 per cent of the protein, but exerts less than 1 per cent of the 
colloid osmotic pressure of the plasma. The gamma globulins which are the 
bearers of many of the immune properties of the blood represent but 11 per cent 
of the protein, but exert only 5 per cent of the colloid osmotic pressure. The 
lipoproteins which represent over 20 per cent of the protein exert approximately 
7 per cent. The lipid-frec alpha and beta globulins and the albumin are re- 
sponsible for over 85 per cent of the osmotic pressure of the plasma. These 
components have now been prepared in a state in which they can be safely in- 
jected in man. The chemical nature and the specific functions of these alpha 
and beta globulins arc now being investigated so as to determine their value in 
therapy. The albumin, which represents over SO per cent and is now the best 
known of the plasma proteins, has proven of value in the treatment of shock 
hypoprotcinemia and edema. ’ 

Albumin is the most soluble of the proteins in plasma. It is readily prepared 
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as a concentrated 25 per cent solution AvHch can safely be injected vsdth great 
rapidity. Large amounts of this blood derivative have been prepared under 
Navy contract and used in the clinic and in the field. Albumin is the most 
syininetrical of the plasma proteins. It therefore exerts a smaller effect in in- 
ci easing the viscosity of the blood than other plasma proteins. As a result it 
draws water into the blood stream and increases the circulating volume of the 
blood with the least burden to the heart. 

Albumin can be prepared with a low sodium content in the interest of increas- 
ing its efficiency as a diuretic agent. It is the most stable of the plasma proteins, 
can be heated in the presence of certain salts to 60° or 64°C. for ten hours in the 
final containers and, sterilized in this way, dispensed without a mercurial pre- 
servative. 


GAMMA GLOBULIN 

When albumin is injected into the blood in excess of need it is not lost by the 
body but finds its way to the tissues where it is presumably stored as a source of 
energy or new protein. The equilibrium between blood and tissues in the case 
of the gamma globulins, which are responsible for many of the immune properties 
of the body, is at least as important. Were the antibodies of the blood stream 
completely responsible for the immunity of the body we would expect normal 
pooled plasma to protect against all diseases to which a society acquires life-long 
immunity. Such is not the case. However, the antibodies to certain diseases 
are present in normal human plasma in sufficient amount to render effective 
protection by passive immunization ivith the concentrated gamma globulin 
being made available to the Armed Forces and, through the American Red Cross, 
to public health agencies. Among these diseases, as has been beautifully demon- 
strated by Stokes and others, are measles and infectious hepatitis. 

In most diseases where the value of convalescent serum has been demon- 
strated, the effectiveness of the concentrated normal gamma globulins may be 
anticipated. This follows since the level of the antibodies in convalescent serum 
is rarely concentrated over that in normal pooled plasma by a factor greater than 
the twenty-five fold concentration achieved by our chemical fractionation process. 
If this fractionation process is employed in concentrating the increased amount 
of antibodies in the blood stream, either during convalescence or as a result of 
chemical or immunological stimulation, far higher antibody titers can be achieved. 
Such concentrated convalescent and hyperimmune gamma globulins are now 
being investigated. 

Is the immunity in the tissues due to gamma globulins that are stored there? 
Are the gamma globulins held in reserve in the tissues in a state similar to that 
of the gamma globulins in the blood stream and to those derived from other indi- 
viduals who have been exposed to comparable infections? Presumably the life 
of the gamma globulins, as of the red cells and of the plasma albumins, is limited. 
It is to the structural tissue pattern which determines the foimation of the im- 
mune globulins with their highly specific properties that we must turn. Oui 
studies of the blood must lead us next to the tissues. 
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lipoproteins 

Another group of globulins appear to be responsible for the solution and trans- 
port of lipids in the body. Knowledge of the chemistiy and of the functions of 
the lipoproteins is only now beginning. We know that most of tlie lipid is com- 
bined more or less loosely with alpha and beta globulins. Fractions have been pre- 
pared which are water soluble and which contain over 50 per cent lipid.^ The 
lability of these fractions in the state thus far achieved is far greater than is that 
of albumin or the gamma globulins, of fibrinogen or of thi-ombin. When dried 
from the frozen state certain, but not all of them, are denatured and the cloudi- 
ness of the resuspended dry plasma is attributable to these substances. Tlieir 
separation as water-soluble concentrates should open the way to the study of 
their properties and their role in the economy of the body. Tlie diversity of the 
fractions that have already been separated suggests a multiplicity of structural 
.types and presumably of biological functions. 

THE fractionation PROCESS 

The separation of closely related proteins from each other demanded the de- 
velopment of a new system of fractionation. The large scale process that has 
been developed and used in the purification and concentration of blood deriva- 
tives is based on systematic studies carried out over many years upon the solu- 
biUty of amino acids, peptides and proteins in aleohol-water mixtures under con- 
ditions of varying salt content, pH and temperature," Alcohol is a protein 
denaturant at ordinary temperatures, but this effect is minimized if the tempera- 
ture is sufficiently low. In the present system it is maintained between 0 and 
— 10°C. Alcohols are also protein precipitants. This effect is great at relatively 
low alcohol concentrations. Further increase in alcohol is often less effective 
than achieving the optimal acidity for the precipitation of each protein species. 
The alcohol in our process tor plasma fractionation rarely exceeds 25 and never 
40 volumes per cent. 

Salts increase the solubility of most proteins at reactions between their iso- 
electric points and neutrality. At very high concentrations certain salts are 
protein precipitants. Salting out, the classical procedure for the preparation of 
proteins, plays no part in our process in which the salt content never exceeds that 
of the blood. Dialysis is thus unnecessary, the protein precipitated being 
dried from the frozen state to yield stable purified products which can bo redis- 
Eolved at any concentration and in any diluent. 

The solvent action of neutral salts is greater the greater the electric moment of 
the protein and the greater the conefentration of alcohol in the system. The 
balance between the precipitating action of the alcohol and the solvent action of 
the salt permits attainment of a variety of conditions in which a protein has the 
same solubility and thus permits a choice of conditions for separating it from other 
proteins. The solubility of a protein is minimal at reactions near or acid to its 
isoelectric point. In the case of blood proteins hemoglobin and gamma globulin 

* Since 1930 with the unintcrniptcd support of tho Kochcfcllcr Foundation. 
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are least soluble near neutrality, wliile albumin and certain alpha globulins are 
least soluble at acidities one hundred times as great. The balance between 
alcohol precipitation and salt concentration will thus be different at each pH for 
each protein species. The pH in these systems is conveniently controlled by 
buffering the ethanol-water mixtures with acetates or other salts of known 
ionic strength. 

Salt and alcohol concentration and pH are variables which influence the be- 
havior of all proteins. The temperature at which separations are made is a 
fourth such variable and has been accurately controlled in effecting the com- 
pletely reproducible separations which have been achieved. The influence of 
temperature on solubility will vary greatly from protein to protein and will 
depend upon the other conditions defining its state. Advantage has been taken 
of high heats of solution to achieve separations and in the case of the albumins 
to achieve crystallization. 

The fifth variable that has been accurately controlled is protein concentration. 
Tlie presence of each protein component in a complex system must theoretically 
influence the solubility of every other one. These effects are of many kinds but 
all increase wdth increase in protein concentration. In order to minimize protein 
interactions in the complex s^'^stem which is plasma separations have been carried 
out at several times the volume of the plasm a. Indeed , the protein concentration 
in the system of defined pH, temperature, alcohol and salt concentration at w^hich 
albumin is separated from the alpha and beta globulins is but one-eighth that of 
the plasma. The resulting albumin has a purity, how^ever, without reprecipita- 
tion or ciystallization, of over 98 per cent. 

An understanding of the interactions between proteins and betw^een proteini 
and electroljdes is fundamental to our understanding of the mechanism w^hich h 
the body. The complexity of concentrated solutions in equilibrium with pro- 
teins in the solid state imposes variables in addition to those that have thus fai 
sufficed to effect the separations of the plasma proteins. They are, however, 
similar in nature and susceptible to physico-chemical definition. 

These methods are not specific for the blood proteins. They should be useful 
also in the fractionation of other tissues rich in proteins, carbohydrates or lipids 
w'hether of animal or vegetable origin. The conditions for each separation vdll, 
how'ever, have to be determined anew in each case. The laborious nature of 
these physical and chemical investigations, involving as they do, analjdical, 
physico-chemical, physiological and immunological control, do not lend them- 
selves to easj'" or rapid application to other systems. Nonetheless the tools 
would appear to be at hand to permit the studies of bodily equilibria begun with 
the separated and purified blood components to be extended to an investigation 
of other tissues. In so doing w^e may hope to approach more closely that under- 
standing of bodily processes at the level of molecular interactions which in the 
end must foim the basis for their control. 
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A physical visualization of the ways by which injuring forces are transmitted 
to the brain is essential if the problem of cerebral trauma is to be approached 
correctly. It is readily understood that the effects of a trauma will vary ac- 
cording to the area of application of the striking force, the degree of plasticity, 
elasticity, and tensile strength of the part struck, the shape, speed and weight 
of the injuring agent, and the degree of relaxation of the offended part at the 
moment of the impucU 

1 . THE MECHANISMS OP CEBEnnAL TBATOU 

In discussing the different patterns of skull fractures, Bruns (1) arrived at the 
conclusion that if all skulls were equally thick and equally elastic, the lines of 
fracture could be calculated on mathematic formulas. Actually the skull is not 
a homogeneous body but is composed of panels of bone, offering variations both 
in thickness and elasticity from race to race, from individual to individual, and 
in the same indiviual in the different portions of the skull. This explains how 
skull fracture patterns, althougli subject to some extent to the laws of mechanics, 
are so varied and unpredictable. The same is true and equally applicable to the 
cerebral injuries by physical violence, considering that the brain also is 
composed of tissues of differing specific gravity, toughness and tensile strength. 

Moritz (2), in his discussion of the mechanisms of injury by physical violence 
has stated that the manner in which a moving force modifies the state of rest of a 
tissue, or the manner in which the motion of a tissue is changed by mooting a 
resistance is what determines the fundamental character, type, shape and degree 
of a mechanical injury. In relation to tho mechanism of movement, brain 
injuries have been said to occur in one of tho following two ways; cither by 
distortion of tho skull — so-called compression concussion of Denny Brown and 
Ritchie Russell (3) ,— or by movements of the brain within tho skull as the head is 
thrown through space and then brought to sudden rest— so-called acceleration 
Concussion of Denny Brown and Ritchie Russell. 
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In ^‘compression concussion”, the skull at the site of application of the force, 
even though it is not fractured, is likely to be momentarhy deformed locally 
and generally distorted. The result is that the new curvatures of the distorted 
skull will necessarily impinge upon the underlying brain matter, giving rise to 
increased pressure in some areas and to diminished pressure in others. As 
IMoritz (2) says, it is apparent that the amount of injury does not depend as 
much upon the violence of the impact between the skull and the external object 
as upon the architecture of the inner surface of the bone at the site of impact and 
the violence of the impact between the skull and the brain. 

The effects resulting from the rebounding of the skull, after the injuring force 
has ceased, must also be considered. As this occurs, the sudden change in the 
intra-cerebral pressure will cause the meningeal vessels to be pulled away from 
the brain, evulsed and broken, and the most superficial brain structures to under- 
go further damage. This explains why an elastic bone, although less likely to be 
fractured than a rigid one, offers less protection to the underlying brain, as it 
is more easily deformed or distorted when struck by a force. 

More severe effects are to be expected when forces of acceleration are operating. 
Besides' the dapiage at the area where the force causing acceleration is applied, 
as the brain is made to slide within its dural covering single anatomical units and 
perhaps the individual cerebral cells are likely to be distorted and the connecting 
pathways (corpus callosum, commissures) to be bent, stretched or tom in one 
direction or another, according to the direction of the forces. Furthermore' 
there is liable to be tearing of blood vessels and evulsion of cranial nerves. The 
delicate vessels draining the cortical veins into the large venous sinuses and the 
small arteries which enter the base of the brain are the most likely to be evulsed, 
because of their fragile walls, thus explaining the frequency of subdural or sub- 
arachnoidal hemorrhages in the corresponding areas. Rowbotham (4) has shovm 
that lacerations occur most frequently when the brain is pushed forcibly against 
the highly irregular floor of the anterior fossa or against the sharp edges of the 
wings of the sphenoid bones. 

In the space left vacant by the displaced brain, there will be a zone of di- 
minished pressure. Dott (5) has emphasized the role played by the resulting 
suction in causing rupture of superficial and occasionally of deeply placed blood 
vessels. 

Denny Bronm and Ritchie Russell (3) have recently shown that if the head is 
prevented from moving at the moment of the blow, no concussion occurs, whereas 
if even slight movements are allowed concussion takes place. In explanation of 
this, Holboum (6), working on a “skull-brain model”, has demonstrated that to 
produce “shear strains” of the skull and its contents a rotary acceleration is 
necessary. Localized damage in cranio-cerebral injuiy is attributed to skull 
distortion, distant damage to rotation of cerebral tissue around regions where 
the brain is locally fixed in relation to the skull. As a result of this rotation 
constituent particles of the brain are pulled apart, and if they do not join up 
properly when the immediate effect of the blow is over nervous manifestations 
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are likely to follow. Accordingly, concussion is thought to be due to a minimal 
degree of separation of constituent particles, contusion to a maximal separation.* 
It is apparent that the smaller the area over which the energy of the impact is 
discharged in a fixed unit of time, the greater will be its intensity. If the area of 
impact be reduced, a point is soon reached at which the injuring force penetrates 
the skull. This is the case of the gun-shot woimd. The penetration lessens 
the degree of acceleration to which the skull is subjected. The result is that 
although penetrating wounds frequently cause severe local damage to the brain, 
they often fail to produce concussion. 

Moritz (2) has emphasized the point that “the energy of an impact may be 
conducted through delicate tissues without damaging them and still cause 
extensive damage to a relatively strong tissue because the disruptive forces have 
been focussed and intensified at some point of mechanical disadvantage". In 
the case of a hollow structure, such as the skull, the energy of impact is prop- 
agated by irradiating waves of motion through meridianal lines which “diverge 
as they leave the site of impact and converge as they approach the opposite 
pole”. At the point of collision of the converging waves, a "contralateral” 
cerebral injury is likely to occur. 

The term “contra-lateral” (or “centre coupe”) is generally used in the meaning 
that a pole of the brain opposite the site of impact has shoivn some damage; 
it does not indicate, however, the mechanism by which the injury was produced. 
Converging of motion waves is one possibility. Another is that of two impacts, 
the first at the site where the head had been struck by the offending body, the 
second where the advancing surfaces of the brain were brought to a sudden rest 
by the forces wliich resisted its forward motion. The shortening of the axis of 
the brain along the direction of the traveling force must be considered ns a tliird 
possibility. This mechanism, as, Moritz (2) remarks, can apply to impacts on 
the sides of the head, because of the relatively high degree of elasticity of the 
horizontal arch of the skull. It does not seem to apply, however, to occipital 
or frontal impacts. The longitudinal arch of the skull is in fact less elastic than 
the horizontal and, unless a transverse basilar fracture occurs, the rigidity of the 
bones of the base prevents any significant retmetion. Furthermore, even 
though a force tends to progress in the direction in which it was initiated, it also 
tends to pursue the lines of least resistance and to split up into its components as 
soon as resistance is encountered. The influence of the strengthening buttresses 
of the skull and of the dural involucres must be considered also, in explaining 
why a force traveling in the brain matter in the direction of the longitudinal arch 
of the skull so often takes an irregular course. 

According to Ritchie Russell (7) traction rather than contusion is the actual 
cause of a contra-lateral injurj', as the brain is tom from its coverings by the 

* Experimenta on doga by Ourdjinn and Webster (Surg., Gyn. & Obst., 7B: 623, 1313) 
nave recently ahown that the pathological and physiological damage produced by a trauma 
15 less marked it the head is allowed to move, but that a greater degree of mass movements 
01 the brain may occur under conditions of a non-fixed head. 
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force of its own momentum, with consequent stretching and laceration of pia- 
arachnoidal membranes and blood vessels. This hypothesis explains the 
contra-lateral subarachnoidal bleeding; it does not account, however, for the 
extensive laceration both of cortex and membranes so often seen in actual 
contra-lateral lesions. 

LeCount and Apfelbach (8), in a large series — 504 cases — of traumatic brain 
injuries, noticed that contra-lateral injuries were most likely to occui’ when the 
head was in motion at the moment of impact, whereas in the resting head the 
lesion was usually limited to the point of application of the trauma. 

One can conclude that cerebral lesions fitting into the definition of contra- 
lateral injury are likely to occur as the result of different mechanisms which, 
according to the modality of the accident, may operate singly or in combination. 
The use of the term contra-lateral injury in a lunited sense, to indicate only that 
an area of brain opposite the site of impact has been injured, appears therefore to 
be the correct one. 

n. THE IMMEDIATE MORPHOLOGICAIi EFFECTS OF CEREBRAL INJURY 

Any force which deforms the skull locally or causes the position of the brain 
to be changed suddenly in relation to the skull may result in damage to the 
meninges, the intracerebral vessels, and the cranial nerves, may contuse or 
lacerate the brain substance, or may induce a neuronal injury of microscopical 
or submicroscopical dimensions. 

Sequelae of head trauma with frank cerebral involvement are easily appraised. 
Tanzi and Lugaro (9) were pioneers in describing and interpreting the residual 
changes from cerebral trauma. We find ourselves, however, more dependent 
on the investigations of Cajal (10), and Eand and Courville (11) for the very 
detailed description of changes occurring in cpntused or lacerated brain tissue. 
The obliteration of neurons at the zone of impact, the swelling, tivisting and 
fragmentation of fibers situated at the edges of the woimd, with formation of 
end bulbs resolving into free balls which appear early and maintain their identity 
months and years after the accident, are all well established findings. In agree- 
ment with the previous observations by others (Jakob 12, Pfeifer 13, Schwartz 
and Frick 14, Greenfield 15, Hassin 16) it has already been shown (Tedeschi 17) 
that degenerative changes in neurons can always be found in cases of fatal head 
injury not only in the area of contusion but also in remote areas which had 
appeared unaffected grossly. 

These degenerative changes are associated with reactive phenomena ultimately 
leading to the process of repair. In as much as dead tissue must be removed, 
the process of repair in the brain does not differ from the same process in other 
organs. The histological details, however, are peculiar to the special nature of 
the cerebral tissue. 

Following a contusion sufficiently severe to produce pulpefaction of brain 
substance, the wholesale destruction of cells precludes the possiblility of a local 
tissue reaction. In these cases the process of repair depends fimdamentally on a 
reaction which occurs at some distance from the zone of impact and results in a 
prompt streaming of microglial elements towards the injured area. 
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The time of onset and progress of the phenomenon have been traced by Del 
Rio Hortega and Penfield (18) in the brain, and by Alberca (19) in the spinal 
cord of experimentally contused animals. Microglial cells were already notice- 
able in the injured area at the 12th hour and compound granular corpuscles at 
the 24th hour. Farrar (20) and Linnell (21), imder similar experimental con- 
ditions, confirmed the rapidity ivith which the cellular reaction takes place and 
its persistence as long as degenerated tissue remains in the wound under repair. 

A similar sequence of events was described by Rand and Coundlle (11) in in- 
jured human brains. Early changes consisting of swelling of the processes and of 
the bodies of the microglial cells were already present two hours after the injury, 
and transitional forms, which might be recognized as stages in the development 
of compound granular corpuscles, after twenty-four hours. Fully developed 
gramdar corpuscles could not be observed, however, either in contused or lac- 
emted brains until almost four days after the injury. Stevenson (22) has 
pointed out the great disappearance of nerve tissue due to the “eatmg up” by 
the phagocytic microglia cells. 

Oligodendrocytes, according to the results of investigations by Ferraro and 
Davidoff (23), also participate in the formation of compound granular corpuscles. 
This has not yet been confirmed in human material. There is agreement, how- 
ever, on the )!apidity with which these elements imdergo acute swelling folloiving 
a traumatic injury of the brain (Rand and Couiville 11). Early changes con- 
sisting of the presence of intracellular cytoplasmic vacuoles were already present 
in a woman (case 19) killed practically outright by a trauma to the head. In 
another subject (case 15) dying thirteen minutes after the trauma, the oligoden- 
droglia cells showed widespread swelling; and in a third early case (No. 3) forms 
suggesting direct cell division were present two hours after the accident. From 
these and other observations, Rand and Courville (11) concluded that acute 
swelling of the oligodendroglia is an early and almost consistent obsen'ation in 
brain trauma. In cases that had survived the injury longer, swelling of oli- 
godendrocytes was found as long as two weeks and, near damaged areas, thirty- 
eight days after the accident. 

Penfield (24), Penfield and Buckley (25), Pfeifer (13), Wilson (26), Wortis 
and McCullough (27), all have shown that, as soon as the damaged nerve tissue 
has been removed, the final healing of the wound is brought about by a pro- 
liferation of mesodermal elements from neighboring blood vessels and particu- 
larly from those at the surface of the brain. This seems to be the rule when there 
has been extensive loss of tissue. When, on the contrary, the local damage was 
milder, most of the repair is accomplished by a proliferation of glial cells (Hassin 
16). Penfield (24) has advanced the opinion that the damaged nerve tissue 
itself provides the stimulus for the astrocytic reaction. The development of 
this reaction has been traced by Linnell (21) in its successive stages. At the 
third day hypertrophy of the cell bodies was already noticeable and at the 
fourteenth day the astrocytic processes were definitely oriented towards the 
margins of the wound. It was only at the fourth week that a clear “felting” 
could bo observed and after two months that the glial network had thickened so 
much as to represent what has been called the actual “protective scar”. 
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The question of the primary or secondary nature of the hemorrhagic changes 
so often accompanying the softening of brain matter in the contused areas is 
still debated. As the brain slides within its dural eoverings, tearing and evulsion 
■ of blood vessels is likely to occur under the force of the impact, but this does not 
seem to be the case invariably. In Jakob’s series (12), for instance, the hem- 
orrhages were rare, so that, in discussing the effects of blimt impacts on the 
head of animals struck while imder narcosis by a hammer falling of its ovn 
weight on the parietal region, he decided in favor of the secondary nature of the 
hemorrhagic changes and attributed them to the softening of brain matter 
noticeable not only at the zone of impact and its immediate vicinity, but also 
far beyond it, in the mid-brain, pons, fourth ventricle, and even in the upper 
cervical cord, when the trauma had been applied to the parietal region. 

III. THE MICROSCOPIC CEREBBAIi INJURY 

When the pathology imderlying the brain injury is clear, the inescapable 
conclusion is that as the result of the trauma a condition has been created which 
is directly responsible for the clinical symptomatology presented by the victim. 
The functional effects of an injury, however, are by no means invariably associ- 
ated with morphological changes of corresponding severity. 

Trotter first (28), then Symonds (29), and Russell (7) have taken the duration 
of loss of consciousness at the time of the accident as an approximate measure of 
the degree of cerebral damage. In general it has been stated that the greater 
the damage to the brain the longer the period of imconsciousness; but this is far 
from having been demonstrated. Bennet (30), in his classification of the milder 
forms of brain concussion, considers a sub-group 4 in which loss of consciousness 
does not occur at all. There are in addition a number of recorded and perhaps 
a greater number of unrecorded cases in which a subdural hematoma, an epi- 
dural hemorrhage, hemorrhage in the subarachnoidal space or even a contused 
laceration in the brain substance was found at operation or on postmortem exa- 
mination of the body following a head trauma in which there had not been a 
history of even a momentaiily dazed state (Ruhe 31, Neuberger 32, Thomas 33, 
Smidt 34, Mendel 35, Strauss and Savitsky 36, Globus 37). Leri (38) has re- 
ported a large number of cases of brain injuries by small shell or bone fragments, 
or even by bullets piercing the skull, that had produced definite damage but that 
had failed to induce imconsciousness. Similar observations have been related 
by Horn (39), and Josephowitch (40) has gathered several cases of post-traumatic 
epilepsy iu which there had been no history of unconsciousness at the time of 
injury. Most recent is the case of Olivecrona (41), of a young woman with a 
typical epileptic syndrome which could be traced to an injury to the head received 
in early childhood and considered trivial at the time. 

Among the changes of the minor type which were taken to account for tem- 
porary loss of, or perverted fvmctioning, evidence of damage in the ganglion 
cells was reported as far back as 1870 by Virchow (42) and later re-investigated 
by Budinger (43), Von Sarbo (44), and Rossi (45). Meyer (46) empharized the 
presence of small foci of cortical softening and the absence of marginal glia 
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beneath the point of injury. Doting (47) called attention to the loss of oxidase 
ferment. To the same category of minor findings pertain the neuronal changes 
recently described by Tedeschi (17) in rats recovering from a temporary period 
of unconsciousness following a blunt impact on the head which had left skull and 
brain apparently intact. Thickening, spiroid course, and at times definite 
twisting of the axons of the cortical cells were already apparent in the animals 
killed at the first hour. The corresponding nerv'e cells showed obscuring of the 
cell outhnes, tigrolysis, and huge peripheral vacuoli, suggesting peiicellular 
edema. Groups of these cells alternated with others displaying normal cellular 
patterns and axis cylinders pursuing their usual straight course. The same type ‘ 
of focal damage was displayed by the medullated axons, which appeared poorly 
impregnated, with a corresponding moniliform swelling of the myelin sheaths. 
More advanced myelin disintegration and neurolysis were found in the animals 
killed from the fourth to the 72nd hour, which showed marked corkscrew twisting 
and fragmentation of the axis cylinders, incipient myelin reabsorption and res- 
olution into fat globules, liniere demyelination and breaking down of axons 
was still in progress a quantitative increase of microglia cells w’as noticed, and 
evidence of glial reaction, mostly without appreciable increase of glial fibers, 
was detectable in the later stages.’ These findings suggest that concussion may 
be due to neuronal injury seen by histological methods. However, since one 
cannot rule out the possibility that these changes are secondars' to other condi- 
tions primarily involved in the phenomenon of concussion, nothing more definite 
can be claimed at present. 

It is apparent that nerve cells and nerve fibers may be affected by a number of 
pathological factors following a mechanical violence to the head. Among these, 
cerebral edema has been considered by some, (Hassin 16), while others gave 
more stress to multiple petechial hemorrhages, which, lacking evidence of any 
other striking change, were felt to represent the main finding in fatal cases of 
concussion. Some authors (Neugebauer 48) have gone so far as to attribute to 
them the cause of unconsciousness. We are indebted to Briglit (49) for first 
having pointed out this finding, soon confirmed by the obsenmtions of Roki- 
tansky (50), Blandin (51), and Toerster (52). Later Duret (53) called attention 
to the most frequent localization of the hemoirhages in the medulla oblongata 
and corpora rcstiforma. He thought that the reason for this prevalent lo- 
calization was to be found in the fact that at the level of these formations the 
w*ave-like forces elicited at the site of the impact came to intensification, causing 
rupture of blood vessels and bruising of the ventricular walls. 

The apparently more frequent localization of the foci of hemorrhage in these 
brain regions in people with a history of concussion made some consider the 
possibility that the center for consciousness rested just in these areas. Ac- 

' In ngreemont with these observationB are the recent Endings by Windle, Groat and 
Fox (Surg., Gyn., & Obst., 79: SGI, 1944) of disorganization of the pattern of tho Niss! 
bodies, shrmltagc and progressive chromatolysis, most severely affecting the largo nerve 
cells (such as those of tho red and lateral vestibular nuclei), in guinea pigs submitted to 
brain concussion. 
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cordingly. Penfleld (24) thought that lesions about the thalamus were more apt 
to lead to unconsciousness than lesions elsewhere, and a similar opinion was 
■ advanced by Greenfield (15): 

The predominance of the foci of hemorrhage in these determined regions was 
found, however, not to be constant. Subcortical petechiae were fairly common 
in the series of Winkelman and Eckel (54). In Cassasa’s five cases (55), the 
tiny.hemorrhages w^ere irregularly scattered throughout the brain matter. Cas- 
sasa proposed that over-filling by cerebrospinal fluid driven into the spaces of 
Virchow-Robin by the pressure exerted by the distorted skull was the cause of 
the hemorrhages, due to the tearing of the vessel walls at the sites of attachment 
of the fibrils which pass across these spaces. Later Martland and Beling (56), 
in describing nine more cases, remarked that the frequency of the condition in 
cases with intact skull was higher than in cases with skull fracture, as the splitting 
of the bone envelope at the time of the trauma had prevented the increase of 
intracranial pressure and consequently the displacement of cerebrospinal fluid. 

The mechanism of production of punctate hemorrhages, as explained by 
Cassasa (55), has not however been unamimously adopted. Greenacre (57) 
pointed out the great pressure (“4-11 atmospheres, or 16-44 times the normal 
pressure”) necessary to rupture an intact blood vessel. In addition, it has 
been objected that the existence of perivascular spaces is not yet demonstrated. 
According to Hassin (16), the subarachnoidal space is not open, but is a “dense, 
sponge-like connective tissue structure”, and the Virchow-Robin spaces are 
“only potential capillary spaces enclosed within the connective tissue, adventitial 
txmics of the capillaries, veins and arteries”. If Hassin’s view is accepted, it 
seems unlikely that even severe blows can displace the cerebrospinal fluid from 
the subarachnoidal spaces into the virtual net of the intercellular channels. 

Other explanations have therefore been advanced. Dietrich (58) has pro- 
posed that endothelial injury by vasomotor disturbance is the cause of ring- 
hemorrhages. Ricker (59) attributed them to vascular engorgement, followed 
by asphyxia and then diapedesis. The same opinion was expressed by Berner 
(60). In discussing the finding of pimctate hemorrhages in association with 
various diseases, Baker (61) claimed that the condition is due to rupture of tiny 
capillaries surrounding the larger vessels. Cornwall (62), who had the chance to 
examine the sections of one of Cassasa’s cases, suggested that the hemorrhages 
were due to fat. embolism. Shaller, Tamaki and Nevonan (63) more recently 
interpreted the findings as occurring by diapedesis through the walls of blood 
capillaries injured by circulatorj’- stasis. 

It is clear that both cerebral edema and petechial hemorrhages may account 
for degenerative changes in neurons by disrupting the original relationship 
between the single anatomical imits and their connecting pathways; but identical 
changes in neurons have been described (Tedeschi 17) when there was no evidence 
of either of these conditions. 

In considering the influence of other “shear strains”, Cajal (10) has emphasized 
the susceptibility of the neurons of young experimental animals to the effects 
of minimal amounts of trauma, wdth the absence of other changes. Rand and 
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Courville (11), in human material, also have suggested the possibility of rupture 
of nerve fibers as the only result of the “shock of the injury”, and Greenfield 
(16) has pointed out the facility with which the neurons may be bent, stretched 
or torn whenever the brain is made to alter its shape. Prom a mechanistic 
standpoint, it may be assumed therefore that the more severe the “shear strain” 
the greater the amount of neuronal damage, thus explaining why forces connected 
with movements of the brain within the skull, causing the most pronounced 
“shear strains”, are followed by ill effects more frequently than when forces of 
this type are not involved. The part that these neuronal changes will play in 
the development and in the persistence of late-appearing disorders of cerebral 
functions will necessarilj' depend on the location and extent of the neurons in- 
volved, on the possibility of a redistribution of impulses through undamaged 
pathways and of repair in neurons affected by a lesion of a reversible type. 

IV. THE CEREBRAL TRAUMA NOT ASSOCIATED WITH RECOGNIZABLE ORGANIC 

CHANGES 

Since the well known observations by Littr6 (64) in 1705, of a young criminal 
who threw himself against the prison wall, dying immediately, and did not show 
at the postmortem examination any evidence of skull or brain injuiy, the ooour- 
rence of a temporary and even of an irreparable loss of cerebral functions fol- 
lowing a trauma to the head in which pathological examination of the brain 
failed to offer any plausible explanation has been recorded frequently, (Berg- 
mann 65). Vance (66) has reported an analysis of 512 autopsies in individuals 
dying of head injury, and has emphasized .the lack of any demonstrable injuij’ 
in 16 cases. The absence of demonstrable changes following a mechanical 
trauma to the nerve centers has been shown more recently by Miller (67). The 
failure of trypan blue injected intravenously to stain the cerebral matter of 
concussed animals w'as considered by him as an evidence that organic damage had 
not occurred. 

Littrd’s observations did much to give definite form to the conception of loss 
of cerebral function due to traumatic “shake-up” of the head without anj' 
visible injury. It was, however, a centuiy later that a communication by 
Petit (68) had considerable influence in directing medical thought toward the 
theory of purely “non-structural neuronal injuiy”, farther developed by Erichsen 
(69) with the conception of “molecular disarrangement” of the nerve cells as a 
'cause of diffuse neuronal paralysis. 

This theory in its abstract terms and highly hypothetical basis did not satisfy 
the majority and soon other explanations were proposed. Much thought has 
been given to the possibility of an acute disturbance in the vascular supply of 
the brain. Accordingly, Friedman (70) proposed that paralysis of the cerebral 
vasomotor nerves may account for temporary loss of function and, if protracted, 
for death. ^ At the time this theory was proposed— 1892— the existence of a 
Bjunpathetic innervation of the blood vessels of the brain had not yet been 
shown convincingly enough; this conception was therefore considered to be 
without meaning in terms of knmvn physiological mechanisms. Nowadays, 
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in the light of Penfield’s demonstration (24) of nerve fibers in the walls of the 
mtracerebral blood vessels, and of Forbes’ showing (71) of cerebral vasomotor 
reaction, the theory becomes more plausible. The conception of Friedman 
(70) was accepted by Courtney (72), who arrived at the conclusion that the con- 
dition known as cerebral concussion is due to impairment of the regulating 
vasomotor functions of the brain. Kuhne (73) expressed a similar opinion and 
assumed that in cerebral concussion a stimulation of the vasomotor center take 
place associated with a reflex paralysis of a large portion of the ganglion cells. 
Also, according to Shaller, Tamaki and Newman (67), cerebral concussion 
definitely interferes with normal vasomotor function, and, if persistent through 
successive stages of prestasis, edema and anoxemia, is able to lead to organic 
damage. 

The old theory proposed by Stromeyer (74) is similarly based on a temporary 
vascular disorder but along a different line of thought. Loss of neuronal function 
he attributed to acute compressive anemia resulting from obliteration of the 
lumen of cerebral blood capillaries following the sudden flattening and distortion 
of the struck skull. In a modified form this view was later taken up by numerous 
authors. It appears in the monograph of Kocher (75), and has been repeatedly 
emphasized by Trotter (28) who ascribed the temporary nature of the condition 
to gradual recovery of circulation, through a phase of venous congestion, leading 
to hyperexcitability of the neurons. 

That mechanical stimulation of a pial arterial vessel will cause it to constrict 
has been shown by Florey (76), and confirmed by Echlin (77) who applied the 
method to the experimental reproduction of patchy cerebral ischemia. The 
stretching of the vessel itself appeared to be an adequate stimulus to produce 
constriction, which usually occurred only over the vascular area stimulated. 
As the spasms did not propagate themselves, the conclusion was reached that 
they were muscular in nature and independent of nervous reflexes, central or 
local. The clinical significance of these experimental observations depends on 
whether they are representative of what happens in the human brain under 
similar conditions. Riser (78) has described the constriction of a single human 
pial vessel under mechanical stimulation. If this could be confirmed, a vascular 
response similar in nature but on a much larger scale might be su^ected to occur 
in blunt cerebral trauma, either w^hen the new curvatures of the under surface of 
the distorted skull impinge upon the underlying brain matter, or w'hen the brain 
put into sudden motion by the striking force is pushed forcibly against the irregu-' 
lar surfaces of the iimer skull. 

The rdle played by variations from the normal of the intracerebral pressure 
in the development of the phenomena accompanying the loss of consciousness 
following a trauma to the head has been given much attention.® Kramer (79) 

® In a survey of acute craniocerebral trauma McConnell (Brain, 66: 266, 1942) Las re- 
viewed the conditions which cause the brain to swell. Intracerebral hemorrhage or con- 
gestion of the cerebral vascular tree and swelling of the cerebral tissue by extravasation 
of fluid in the cells or intercellular spaces are considered to be the main causative factors. 
White and associates (Ann. Surg., 118: 619, 1943) in a carefully controlled series of experi- 
ments on cats have reached the conclusion that when cerebral concussion is produced for 
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has shmvn that a transitory abolition of respiration can be observed in concussed 
animals and has advanced the opinion that this is due to a collapse of cerebral 
vessels caused by a momentary compression of the brain and consequent in- 
crease of intracranial pressure. Similar effects ivere observed by Maasland and 
Saltikoff (80) in dogs when a pressure had been exerted on the bare dura. In 
Cushing’s observations (81), blanching of the cerebral corteXj cessation of 
respiration, and loss of consciousness followed an increase of intracranial pressure 
and as soon as it was released a return to normality was readily noticed. Also 
the old demonstration by Ferrari (82) of the possibility of breaking up small 
glass threads imbedded in the brain matter by striking hard on the skull is in 
favor of an increase of intracranial 'pressure in head trauma. It has been 
estimated (Scott 83) that a momentary elevation of the intracranial pressure 
above that of the systolic blood pressure is sufficient to produce loss of conscious- 
ness. Russell (7), however, has pointed out that an increase in intracranial 
pressure is not always demonstrable in the concussional period while it is at 
times noticeable during the stage of recovery when the patient has regained full 
control of mental activities. 

Approaching the problem from a different angle, Denny Brown and Ritchie 
Russell (3) have recently come to the conclusion, very favorably accepted, that 
“Excitation, excitation with reflex paralysis, excitation followed by complete 
paralysis, and complete paralysis alone’’ are the four degrees of nervous manifesta- 
tienein wtdeh a head injury can he resolved. These stages appeared to be most 
clearly manifested in the respiratory mechanism, but by analogy it was deduced 
that they could be applied as well to the neuron on the whole. A generalized 
“molecular reaction’’, reversible in type and of a degree not likely to be observed 
under the microscope, was held to be underlying the concussional state of short 
duration followed by recovery; whereas failure of blood pressure, as in primary 
surgical shock, was thought to account for the fatal course of events in the 
mortal cases. Concussion was therefor defined as “the occurrence of an imme- 
diate traumatic paralysis of reflex functions, which occurs in the absence of visible 
lesions in the nervous system”. 

The old statement of Savory (84), that “death is due to the shook of the 
violence rather than to the lesions,” obscure in its abstract terms at the times 
it was pronounced — 18G9 — might find an explanation in the light of the physio- 
logical mechanisms shown by later studies. 

v. SECONDARY DEVELOPMENTS 

So long as brain areas the function of which is essential are not irreparably 
damaged outright, and it other factors do not intervene, the natural tendency 
will bo towards the healing of the wound. Secondary developments, un- 
fortunately, are very frequent. 

Among these, cerehral edema has been much emphasized. Hassin (16) says 

M-en brief periods there is an inerease in the volume of the brain up to a maximum of 5.5%. 
Extravasation of fluid through the capillary walls was found to be the only factor responsi- 
ble and the condition was seen to be not sufficient to produce any of the histologic changes 
Which have been commonly regarded as characteristic of cerebral injury. 
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that it plays a more important role in cerebral trauma than microscopical bruises 
of brain matter or petechial hemorrhages, so much stressed by other investigators. 
The same^ opinion was expressed by Levinson (85) who concluded an analysis 
of the brain findings in 213 cases of head injury by affirming that cerebral edema 
is at times the only finding available to explain death. Doubts have been raised, 
however, as to the real frequency of the process (Moritz 2, Rowbotham 4).’ 
If the diagnosis of cerebral edema is reserved, as is proper, for the cases displaying 
increase of fluid in the perivascular and pericellular spaces, in the light of recent 
observations this condition seems to be less frequent than it was thought to be 
in the past. It is likely that in many observations “swelling of the brain'’ due 
to hydration of the cells themselves (Rand 86, Rand and Courville 11) or to 
excess of cerebrospinal fluid in the cerebral ventricles or in the subaracWoidal 
spaces had led the observers to the incorrect diagnosis of cerebral edema. Shapiro 
and Jackson (87), in a series of measurements of the water content of traumatized 
brains, have arrived at the conclusion that, although the brain is frequently 
enlarged after head injury, the enlargement is caused by ventricular dilatation 
and blood engorgement rather than by actual edema. 

A localized and a generalized edema have been described, and various hy- 
potheses have been advanced to explain their occurrence. LinneU (21) thought 
the cause was disruption of the attachments of the astrocytes from the walls 
of the blood vessels. Rand and Courville (11) atributed the condition to 
stimulation of the secretory activity of the choroid plexuses and of the ependymal 
cells, possibly due to paralysis of the vasoconstrictor nerve fibers with which 
these formations are provided, (Findlay 88, Mott 89). How the fluid secreted 
in excess is able to reach the perivascular and pericellular spaces is not clear, 
however, unless one accepts Weed’s view (90) of the existence of potential com- 
munications between the perivascular and pericellular spaces. If this is true, 
it may be conceived, as Rand and Courville (11) think possible, that the waves 
of fluid forced down into the perivascular spaces may work their way against the 
stream, reaching and overfilling the pericellular spaces. A different explanation 
was advanced by Cannon (91), who attributed the condition to osmotic dis- 
turbances, with increased capillary permeability, either due to vasomotor 
paralysis or to the presence of metabolites in abnormal amounts in the inter- 
stitial spaces. Once the condition is set up, venous congestion will naturally 
aggravate it. As Rowbotham (4) says, a vicious cycle will so result— -“edema 
leads to increased intracranial tension; this causes a venous congestion and 
venous congestion by causing further capillary stasis increases the edema. 
How much this secondary development may interfere with recovery, embar- 
rassing the cerebral circulation and consequently the nutrition of the neurons, 
does not need to be stressed further. 

External hydrocephalus is another occurrence frequently mentioned among the 
conditions complicating, a cerebral trauma. Faulty absorption of cerebrospinal 
fluid due to blockage of pacchionian granulations by extravasated blood is the 
explanation advanced by Wortis (92). Another, already mentioned, is that 
of Rand and Courville (11) of an increased secretion of cerebrospinal fluid due 
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to abnormal actmty of choroidal and ependymal cells. An internal hydro- 
cephalus has also been described, though less frequently, and two varieties have 
been recorded. One is an acute form, due to the obstruction of the Sj’lvian 
aqueduct either by clotted blood or by sloughed off brain tissue (Ford 93), and 
the other is a slowly developing form (Moritz and "Wartman 94) due either to 
stricture of the Sylvian aqueduct consequent to bruising of its walls or to ob- 
struction in the roof of the fourth ventricle from organizing extravasated blood. 
It follows that in both aforementioned conditions, whenever expulsion of cerebro- 
spinal fluid or of blood from the intracranial cavity is not farther possible, 
brain units are likely to be forced through the openings of the hiatus tentorii 
or through the foramen magnum. An increase of pressure in the posterior 
fossa may lead to herniation of the cerebellar tonsils through the occipital foramen 
with resulting compression of the medulla oblongata, (cerebellar pressure cone 
of Cushing 81). Herniation of brain tissue (in general segments of temporal 
lobes) through the tentorium openings is another possibility (tentorial pressure 
cone of Jefferson 95). In association with uncal herniation, Evans and Scheinker 
(9G) have described infarction in the course of the posterior cerebral artery re- 
sulting from kinking of the vessel walls. 

Even the formation of the protective scar may or may not represent the final 
result of a contusion. As Penfleld (24) has pointed out, the scar resulting from 
the healing of the wound may eventually destroy a portion of cerebral tissue 
larger than that primarily injured at the moment of impact. Furthermore, 
a delayed degeneration of nervous elements has been shown to take place oc- 
casionally weeks, months, or even years after the injury has occurred (Row- 
botham 4, Ricker 69). In some instances, changes in blood vessels were found 
to account for the condition, (Eck 97, Rosenthal 98) ; in others, in which demon- 
strable lesions were not apparent (Helfand 99), anoxemia, caused by reflex 
vasomotor derangement, was held to be responsible for the process. It is not 
clear whether there is any relationship between this late softening and the con- 
dition knomi as delayed apoplexia. This refers to the occurrence, first described 
by Bollinger (100), of a sudden intracranial hemorrhage some time after a head 
injury has been sustained — from 12 hours to 5 months according to Marburg 
( 101 ). 

The phrase “postconcussional state”, or rather, as Brook (102) proposed, 
“postcontusional state” is often used. This refers to certain well known sequelae 
of head trauma. It is not intended to go into any detailed consideration of the 
psychiatric aspects of head injury here. A few general remarks, however, may 
round out the presentation. Strumpcll (103) was the first— 1888 — soon followed 
by Friedmann (70), Vibert (104), and Ivocppen (105) to make clear the distinc- 
tion between postcontusional state due to organic changes within the nervous 
systenr and that secondary to psychogenic factors. Later Neel (lOG) remarked 
the similarity of the mental changes following a head trauma to those in other 
organic diseases of the nervous system, and Horn (39) described clearly the 
sjmdromo of terror-neurosis (Shreckneurose) as distinct from the organic post- 
contusional neurosis (ICommotionsneurose); as soon as the need for separate 
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treatment of histogenic and psychogenic disturbances was recognized, suggestions 
for practical ways of differentiating the two conditions appeared in the literature 
(Strauss and Savitsky 36, Goldstein 107, Strauss 108). 

For the consequences of head trauma for which a background of cerebral 
lesions could be suspected, Tromner (109) suggested the term encephalopatMa 
traumatica. Later Osnato and Giliberti (110) did much to give definite basis 
to this conception. From the study of one hundred clinical cases of head trauma, 
%vith or without evidence of external injury or skull fracture, and of one of Gas- - 
sasa’s cases from a histological standpoint, they arrived at the conclusion that 
apparently minor head traumata may be also followed by cerebral damage 
likely to lead to sequelae able to simulate clinically encephalitic syndromes. 
They felt therefore that the “postconcussion neurosis” should more properly 
be called traumatic encephalitis. 

Morphological evidence in support of this conception has been accumulating 
slowly, perhaps because the cerebral lesion that one expects to see with the naked 
eye is not found in the majority of the cases at the postmortem examination 
and further microscopic studies, with the proper methods, are rarely carried out 
on the apparently negative material. 

In the light of recent observations (Tedeschi 17), the question arises as to 
how many of the so-called “psychogenic post-traumatic disorders without 
demonstrable brain pathology” would have been classified differently if a 
thorough histologic investigation of the brain had been done. In connection 
with this, the twelve cases of birth injury of the brain reported by Benda (111) 
are important, as the microscopic study of the sections revealed a definite 
pathology, the existence of which was not suspected at the gross examination 
of the apparently normal specimens. 

In the same category of microscopic changes belong the calcification of gan- 
glion cells and of capillary walls described by Eck (98) in individuals that had 
previously received a generalized cerebral trauma. Rosenthal (99) confirmed 
these findings, and pointed out the formation of small disseminated cysts at 
foci of necrosis. Gliosis or even progressive degenerative changes were thought 
by Martland (112) to represent the most frequent conditions underlying the 
clinical syndrome of “punch-dnmk”, which bears, in his words, “the same 
relation to multiple concussion hemorrhage as do many of the postconcussion 
neuroses and psychoses that follow blows or falls on the head.” 

The behavior disorders in prize fighters described by Martland (112) and later 
confirmed by Jolk and Gutman (113), Parker (114), Carroll (115), Ravina (116), 
Winterstein (117), Millspaugh (118), and MacDonald (119) recall those pointed 
out by Strecker and Ebaugh (120) in children as late results of head injuries of 
an apparently minor kind. Fatigue was always demonstrable in their series, 
and the changes in general character and disposition, with hyperkinesis and 
affective disorders, such as described by Ebaugh (121) in writing of the sequelae 
of encephalitis, were also explained on the basis of possible cerebral lesions. 

In the nervous system, perhaps more than in other organs, it has been much 
emphasized that there is a wide gap between the amount of injury required to 
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abolish or to pervert funetion and the amount required to eause damage of a 
type that one might expect to see under the microscope. It is already apparent, 
however, that with advance in technique and more extensive application of 
present histo-chemical methods this gap is narrowing more and more, so as to 
allow us to see a not distant future in which the explanation of abnormal condi- 
tions, previously attributed to “functional” injury of submicroscopical dimen- 
sions, will be found in a demonstrable cellular pathology.^ 
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THE ABSOEPTION AND ELIMINATION OF GASES OF THE BODY 
IN RELATION TO ITS FAT AND WATER CONTENT'-- 

CAPTAIN A. R. BEHNKE, (MC), U. S. NAVY 
Naval Medical Research Inslilute, Belhesda, Maryland 

The ease or difficulty ^vith which an individual accommodates to variations 
in ambient pressure ranging from .10 atmosphere (encountered at an altitude 
of 50,000 feet) to 15 atmospheres (encountered at a diving depth of 500 feet) 
is determined by the manner of inert gas exchange characteristic of that indi- 
vidual. In the absorption or elimination of inert gases, the body functions as 
a rather simple physical system of fluid and fat through which the circulating 
medium, blood, is the primary means of transport. To understand the principles 
underlying inert gas exchange, it is necessary to know the solubility and dif- 
fusion properties of inert gases in body solutes, the quantities of fluid and fat 
present, and the rate of gaseous saturation or desaturation in response 
to variations in ambient pressure. 

Solubility coefficients of inert gases . — The body solvents for inert gases are the 
fluids and fat (table 1). Olive oil, having a coefficient of absorption similar to 
fat, may be conveniently used for solubility determinations. Of prime impor- 
tance is the ratio of oil to water solubility since high solubility of a gas in fat 
in comparison n-ith low solubility in the transport watery medium, blood, 
delays both its absorption and, following saturation, its elimination. Nitrogen 
and argon have oil to water solubility ratios of the order of 5.3 to 1 and, by 
contrast, helium has a ratio of 1.7 to 1. Potent anesthetic gases, e.g., cyclopro- 
pane and chloroform, which like gasesous nitrogen behove as chemically inert 
substances, have ratios of the order of 35 to 1. A sevenfold increase in desatura- 
tion time follon-ing anesthesia should be required for cyclopropane in comparison 
uith ether (4.3 to 1) or nitrogen. Thus, fat constitutes a huge potential gas 
reservoir and our first consideration in attacking theproblems incident to pressure 
changes is to estimate the size of this reservoir. 

The composition of the body . — ^In the estimation of fat content, height data 
and other linear measurements in relation to weight have been of limited value. 
Since adipose tissue is of low density (0.92 to 0.94) in comparison with muscle 
and bone, it appeared that deteiminations of body volume in relation to weight 
would afford a measure of corporeal and tissue adiposity. 

The determination of corporeal specific gravity, however, essentially a rela- 
tionship between weight and unit volume, had not been utilized as a criterion 
of the degree of obesity. Tire essential measurement, that of body volume 
made by Ai'chimedes, can be conveniently determined by the method of hydro- 
static weighing, i.e., equivalent volume equals weight in air minus weight in 

* Lecture I of The John Wyckoff Lectures on '‘The Composition of the Body in Relation 
to Decompression Sickness” delivered nt Now York University, 7 and 8 December 1914. 

* (The contenta of this lecture are not to bo construed ns an official expression of the views 
of the Navy Department.) 
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water. Two weighings in water serve to check the accuracy of the procedure, 
one at the completion of maximal inspiration and the other at the end of maximal 
expiration. The difference of the two weighings in water ser\'-es as a measure- 
ment of vital capacity. The hydrostatic determination of vital capacity gives 
values comparable to those obtained by the standard method employing 
spirometiy. “ 

The additional measurement of residual air serves to correct for a variable 
which is the greatest source of error in the method. The error due to the 
presence of gas in abdominal viscera is minimized by the compression of the 
abdomen following complete exhalation. Repeated determinations on the 
same individual permitting the use of a constant volume for residual air, and 
provided that body weight does not change, give values that agree within 4 
per cent of the possible range. 


TABLE 1 


Argon, Helium, Nitrogen, and Oxygen Solubility in Water and in Olive Oil at S8°C., and the 

Respective Oil Water Solubility Ratios 


WATER 

OLIVE OIL 

Argon 

Helium 

Nitrogen 

Oxygen* 

j Argon 

Helium 

Nitrogen 

Oxygen 

0.0262 

0.0087 

0.0127 

0.023 

0.1395 

0.0148 

0.0667 

0.112 


Oil Water Solubility Ratios 


AEGON 

NITROGEN 

HELIUit 

OXYGEN 

5.32:1 

5.24:1 

1.7:1 

4.9:1 

• 


* Van Slyke, D. D., and Sendroy, J. : The Journal of Biological Chemistry, (1934). 


In an individual on a restricted diet for a period of 7 months, the loss of 19.5 
pounds was associated with a rise in specific gravity from 1.056 to 1.071 and a 
decrease in abdominal circumference of 4.7 inches. To account for the gain 
in specific gravity, the tissue lost must have had a density value of 0.937, or a 
value again in accord with the density of fat. 

In a study of naval personnel (1), values for specific gravity varied from 1.021, 
in obviously obese individuals, to 1.097 in lean indiduals. From the data 
(table 2), specific gravity appears to be inversely related to weight and directly 
related to the difference between thoracic and abdominal girth when averages 
for groups were compared. 

Thus, the average w’^eight of a group of 38 lean men, 148.7 pounds, was asso- 
ciated with an average specific gravity value of 1.081, and the average wei^t 
of a group of 28 fat men, 176 pounds, was associated with an average specific 
gravity value of 1.056. That the difference in weight of 27.3 pounds is due 
to fat (specific gravity, 0.92 to 0.94) rather than lean tissue is indicated by the 
difference (0.025) in the values of specific gravity between the two groups. 
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If obesity and not weight per se is the chief factor tending to produce low 
values for specific gravity, then a group of heavy but lean men, professional 
football players, for example, should possess a high average value for specific 
gravity (2). Ihe group of lean men in the naval service, average specific 
gravity 1.086, had an average weight of 156.9 pounds. Although the average 
weight of the football players was 200 pounds, their average specific gravity 

TABLE 2 


Specific Gravity in Itelalion to Weight ani Digcrence in Meaeurements of Thoracic and 
Abdominal Circumference 


SPECmC CRAVITV 

KirUBES or U£N 

average WEICHT 

AVERAGE DtirERENCB 
cbest/aboouen 



1 Itij. 

»Tt. 

1.020-1.029 

2 

233 

-0.1 

1.030-1.039 

2 

187 

0.9 

l.OtO-1.019 

4 

166 

4.2 

1.050-1.059 

20 

171 

4.2 

1.060-1.069 

23 

158 

5.2 

1.070-1.079 

27 

153 

5.6 

1.080-1.089 

14 

148 

1 6.1 

1.090-1.099 

7 

140 

6.9 


TABLE 3 

High, Intermediate, and Lou Specific Gravity Group Valuee in Relation to Weight 
and Circumferential Measuremente 


NO. 

UZN 



AVERAGE 

WEICITT 

atCtrVEEREHCE 1 

DUfER- 

AVERAGE 

ITEICHT 

, MECinC 

1 CRAVITY 

RANGE 


j Ke, I 

1 Cbcst 1 

1 Abdoiaexi j 

IM 













Naval Pertonnel 


13 

1.051 


172.3 

78.6 

37.6 

95.5 

33.1 

84.1 

4.6 

68.2 


24 

1.066 

HRSIshIi!) 

166.9 

71.3 

36.1 

91.7 

30.6 

77.7 

5.5 

68.5 


38 


1.075-1.096 

166.9 

71.3 

36.5 

92.7 

29.7 

76.4 

6.8 

69.4 

IQ9 

Trained Athletes Professional Faotball Players 

25 

l.OSO 


200.6 

91.2 

40.0 

101.6 

33.1 

84.1 

6.9 

72.1 

183.1 


value was 1.080. The heaviest athlete (specific gravity value, 1.064) weighed 
259.5 pounds, or about 100 pounds more than Navy men of corresponding 
density (table 3). The difference then between the “good” big man who weighs 
200 pounds and the “good” little man who weighs 150 pounds, is 50 pounds of 
flesh and bone but not fat. 

Concept of a lean body -moss of uniform composition and ils relationship to excess 
fat . — ^The data thus far presented lead to the consideration that there adsts 
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a lean body mass which has a specific gravity value of 1.011 i 0.001, equal to 
the specific gravity of our leanest men.. If the density of this lean mass remains- 
constant, then its composition, vdth respect to bone and soft tissue, must also 
be relatively constant so that fat can be regarded as chiefly responsible for 
departures of specific gravity from the basal value of 1.100 (fig. 1), 

Variations in the percentage of bone (10 to 15 per cent) in relation to total 
body Aveight might conceivably alter values for specific gravity but it can be 
computed that such percentage variations in bone weight could alter specific 
gravity not more than 13 units, a relatively small amount in comparison to the 
range for naval personnel of 76 units (table 2). 



for the diagram: fat 0.92, tissue 1,060, and bone 1.50, 

If the amount of fat varies inversely with the specific gravity, or 

» I 

Fat Wt. _ ^ 1 

Body Wt. Sp. Gr. ’ 

then the specific gravity of the lean body mass (1.100) will be reduced to 1.080 
if 10 per cent by weight of excess fat (specific gravity 0.92) is added, or from 
1.100 to 1.060 if 20 per cent of the body weight is -excess fat. This simple re- 
lationship between specific gravity and excess fat may be formulated in the 
following manner: 

Fat Wt. 10(Sp. Gr. of lean body mass — Sp. Gr. of whole body) 

Body Wt'. “ -2 


or, 


%'Fat = 500(1.100— Sp. Gr. of whole body). 
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The validity of the concept of the body as comprising a lean body mass of 
constant composition plus excess fat which is primarily responsible for alterations 
of tissue density was established during the past year in a precise and meticulous 
manner by Lieutenant N. Pace and Lieutenant (jg) Edith Rathbun (3) of the 



Pia. 2. The grams of fat per gram of oviserated body weight (M,/W) are plotted against 
the body specific gravity (G) for the guinea pig (after Rathbun and Pace, Research Project 
A-IOl, Report No. 1, Naval Medical Research Institute). 

Naval Medical Research Institute. Using adult guinea pigs of various weights, 
these investigators obtained the same range of values, 1.021 to 1.097, as were 
found in man. Aliquot fat-free samples of body tissue including bone j-ielded 
^ value of 1.098. Furthermore,, the inverse relationship postulated as existing 
oeUeen specific gratdty and fat content for man was established for the guinea 
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Composition of the lean body mass —The density of the lean body mass, 1.099 ± 
0.001, corresponding to the highest values for specific gravity obtained on man 
was, prior to the work of Pace and Rathbun, arbitrarily divided into 15 per 

cent by weight of bone, 10 per cent essential lipids, and 75 per cent tissue (4) 
so that, 

Wb + Wf + Wt 


Wb 


Wf 


+ 


= Sp. Gr. of lean body mass == 1.099. 


Sp. Gr.b Sp. Gr.f Sp. Gr.t 

In view of the analyses of Pace and Rathbun giving values of 1.098 for aliquot 
samples of fat-free tissue, the small amount of essential fat (in bone marrow 
and the central nervous system) may simply be included under the category 
of tissue. Hence, 


Wb -f- Wt 


Wb 


+ 


Wt 


= Sp. Gr. of lean body mass = 1.099. 


Sp. Gr.b Sp. Gr.t 

Tile determination of the amount of bone in the lean body mass is of prime 
importance. In three adult guinea pigs, the entire skeleton comprised 12.4 
per cent of the lean, hairless mass of tissue (5). For man, an approach to the 
determination of the relationship between bone weight and weight of the lean 
body mass is afforded by the ingenious method of Webster (6) by which the 
volume relationships of bone and tissue in the forearm are measured roentgeno- 
graphically. Webster’s data indicate that measurements confined to the fore- 
arm or to the thigh at the gluteal fold give bone-tissue ratios that are repre- 
sentative for the bod}'' as a ivhole. In a study of the forearms of 30 men (7), 
the follo'wing absolute volume relationships between bone, muscle, skin and fat 
were obtained: 


Bone. 

Skin. 


7.12 

7.45 


Muscle 70.84 

Fat 6.06 


The weights of the tissues can be computed as volume times density. Excluding 
the fat, the percentage of bone in relation to muscle and sldn is 11.8 on the 
basis of a specific gravity value of 1.56 for bone and 1.060 for tissue. 

As an approximation based on the roentgenographic measurements and the 
presumptive information supplied by analyses of the 3 guinea pigs, the lean 
body mass may be assumed to consist of 12 per cent bone and 88 per cent tissue. 

The densities of individual tissues show considerable variation. According 
to Vierordt (8), values of the order of 1.014 are given for pericardium, 1.122 for 
tendon, 1 .051 for muscle, 1 .040 for brain, and 1 .057 for liver. Smith and Morales 
of the Naval Medical Research Institute used experimentally determined values 
of 1.43 for whole skeleton of 3 guinea pigs previously referred to and 1.066 as 
the mean value for 30 determinations on muscle. 

Blood, however, may be regarded as the building material for lean tissue so 
that for tissue _we may use the specific gravity value of blood, 1.060 ± 0.002, 
based on 81 determination on 18 naval personnel utilizing the falling drop method 
of Barbour and Hamilton (9). Similarly, if the water content of blood, approxi- 
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mately 80 per cent, is taken as the water content of tissue, then the 20 per cent 
solid residuum has a specific gravity value of 1.4. For bone, we have used a 
value of 1.56 computed on the basis of its mineral content and, in lieu of quantita- 
tive data, we may use 1.5 as an average value for marrow-free bone. 

The concept of a lean body mass of constant composition for corresponding 
age groups was supported further by the analyses of water and bound nitrogen 
in the lean body mass of the guinea pig (fig. 3). A linear relationship exists 
between weight of lean tissue, the bound nitrogen and water content (72.42 



Flo. 3. Total body water plotted against the fat-free body weight for each animal in a 
series of guinea pigs studied by Pace and Ilnthbun, and for each animal in the series of rats 
studied by Ashworth and Cowgill (1938) (from Pace and Rathbun, Research Project X-191, 
Report No. 3, Naval Medical Research Institute). 


(<t 2.11) per cent of the body weight (10)). The composition of the lean body 
mass may then be presented in the following outline: 


Lean Body Mass 
Tissue 
Blood 
Muscle 
Glands 
Viscera 
Essential fat 
Tendon 
Skin 

Nervous tissue 
Bone 


Sp Cr, 

1.099 ±0.001 
1 . 000 ’ 


1.5” 


* Based upon the Sp. Gr. of whole blood. 

Computed on the basis of mineral and water content 


%hm. 

88 


12 
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Species constancy. ^The remarkable constancy in water content of the lean 
body mass has been pointed out by Pace and Eathbun. Values obtained by 
different investigators for the rat, guinea pig, rabbit, cat and dog range from 
69.9 per cent to 74.4 per cent, mean 72.7 per cent. For bound nitrogen, the. 
values range from 3.09 to 3.89 per cent, mean 3.51 per cent (10). 

It is probable, therefore, that for man as well as for the species enumerated, 
there exists a lean body mass of remarkably constant composition as demon- 
strated by the values for specific gravity and the water and bound nitrogen 
analyses. 

Capacity of the body to ahsorh gases.— The product of the solubility coefficient 
of a gas and the respective quantities of solvent present in the body is indicative 
of the body’s capacity to absorb the gas in question. If an individual, for 
example, inhales oxygen over a period of 9 to 12 hours, the nitrogen originally 
present in the tissues can be measured as it is eliminated from the lungs. For 
a diver weighing 70 kilograms, specific gravity 1.060, the nitrogen collected 
over a period of 12 hours amounted to 1076 cc. (11). The fat in the diver’s 
body can be computed as 20 per cent ((1.100 — 1.060)500) ti m es 70 Idlos or 14 
kilos. The body fluids can be estimated as .724(70 — 14) or 40.54 kilos. The 
measured nitrogen is in accord Avith the computed value for nitrogen based on 

the amounts of solvent present, or, 

/ 

14 X 55.7 = 779.8 = “fat” nitrogen 
40.54 X 9.0 = 364.9 = “fluid” nitrogen 

1144.7 = estimated total nitrogen. 

THE MANNER OF GASEOUS ABSORPTION 

Cutaneous diffusion of gas. — ^The inert gases, principally atmospheric nitrogen, 
dissolved in the body tissues are transported by the blood mainly from the 
lungs. Small amounts of gas, however, may enter or leave the blood by way 
of the skin so that the tissues during the course of oxj’^gen inhalation will never 
become completely desaturated as long as the sldn is in contact ivith air. Under 
these conditions, some 15 to 20 cc. of atmospheric nitrogen per hour will be 
present in the exhaled oxygen. 

Nitrogen diffuses even more rapidly into tissues exposed to the air folloiving 
skin incision. This phenomenon was observed during the course of experiments 
conducted on anesthetized dogs at the Harvard School of Public Health. 
Oxygen inhaled by the dog through a tracheal cannula brought about a rather 
rapid elimination of nitrogen Avhich was expected to be complete in about 4 
to 5 hours. After the fourth hour, however, about 10 cc. of nitrogen per hour 
could be collected for periods of at least 14 hours (fig. 4). What appeared to 
be a spontaneous generation of nitrogen in the dog’s body was found to be a 
diffusion of nitrogen from the air into the tissues through two incisions, one 
made for the tracheal cannula and the other made over the femoral artery for 
insertion of the blood pressure cannula. Closure of these incisions made nitrogen 
elimination complete in the expected period of 4 to 5 hours and concluded the 


ABSORPTION ANB elimination OP BODY GASES 


367 



Fio. 4. Curve A represents the elimination of dissolved nitrogen via the lungs of anes- 
thetised dogs with open incisions over the trachea and a femoral arteiy. Curve B repre- 
sents the elimination of nitrogen under the same conditions with the exception that the 
incisions were closed by sutures. The difference between the value on Curve A and Curve B 
. represents the quantity of nitrogen diffusing from ambient air into the dogs’ tissues at the 
areas of incision. (From unpublished data from experiments conducted by Bhaw and 
Gehnke at the Harvard School of Public Health in 1934.) 


H 
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Fia. 6. Cutaneous diffusion of helium in* relation to temperature, measured as cubic 
centimeters of helium recovered from the lungs per hour, when the body is immersed in a 
helium atmosphere at a pressure of 700 mm. Hg. The numbers, 1 to 5, refer to different 
Bubjeclfl. The encircled values wore obtained after the previously heated ambient helium 
had been cooled to 29® C. (From Bchnkc and Willmon, Am. J. Physiol., 3941, 131: C27.) 


attempt to measure the nitrogen of the atmosphere through the tissues of the 
dog. 

The quantity of nitrogen absorbed through the skin, however, is only one- 
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third to one-fifth the amount that one would expect to recover were diffusion 
sufficiently rapid to establish equality between the pressure of ambient nitrogen 
and its pressure in the sldn and subcutaneous vessels. By contrast, if the body 
is surrounded with helium, this rapidly diffusing gas enters the subcutaneous 
capillaries at a rate sufficiently rapid to allow computation of blood flow to the 
skin if the quantity of helium collected from the lungs is divided by the solubility 
coefficient of helium in blood (12). 

If the temperature of gas is raised in the bag, a rather sharp break occurs in 
the absorption curve and a linear rise in helium absorption accompanies the 
increased temperature (fig. 5). 

These experiments illustrate the simple linear uptake of a gas by the blood and 
its transport to the lungs from which information it is possible to compute 
peripheral blood flow on the basis of the amount of helium excreted into the 
lungs and its solubility in blood. 



Fig. 6. %HbCO as a function of time. The slope of the line is proportional to the per- 
centage of CO absorbed from the inhaled air. 

Absorption of carbon monoxide . — ^Turning now from the consideration of 
cutaneous absorption of gas to absorption in the lungs, one is confronted tvith 
an entirely different set of conditions. Whereas some 50 cc. of helium can be 
absorbed through the skin per hour, that quantity can be absorbed into the 
circulating pulmonary blood within a period of two minutes. 

The manner in which the blood absorbs a gas is illustrated by the uptake 
of carbon monoxide (13). Again, a linear relationship holds for carboxy- 
hemoglobin saturations at least up to 30-per cent (fig. 6). Pace and others have 
analyzed some of the factors entering into this flnear uptake of carbon monoxide 
and found that, at any given time, t, the quantity of carbon monoxide inhaled 
will be 

Min. vol. X pts. CO/10,000 X t. 

Of the carbon monoxide inhaled, a constant percentage, fc, will be absorbed by 
the circulating blood. The value of fc in healthy young men lies between 40 
and 50 per cent. If the blood can absorb 20 volumes per cent of carbon 
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monoxide, then the saturated blood ivill contain volume carbon 

' o 

monoxide. The percentage of carbon monoxide absorbed by the blood will 
then be 


100 X Min, vol, X pts. 00/10,000 X t X k 
Blood vol . 

5 


or, where h equals 0,5, 


%HbCO 


25 X Min, vol. X pta. G0/l0,000 X t 
Blood vo!. 


Of special interest, particularly in patients iidth pulmonary disease, would be 
determinations of carbon monoxide removed from the inhaled air under condi 



® SOxTolol venlllatlon * Concenlrotion CO 


Big. 7. Total amount of CO absorbed by tbe blood ns a function of tho amount available 
in the inspired air. The slope of the line is proportional to the fraction of CO absorbed in 
inhaled air. 


tions of controlled pulmonary ventilation. The greater the slope of the line 
fig. 7), the more effective is pulmonary absorption of caibon monoxide for a 
given tidal volume. In pulmonary disease, the slope of this line should be 
decreased. 


Manner of absarpCwn or eltminaCion of an inert gas by Che body as a tohoic. 

In contrast with the linear absorption of carbon monoxide under the conditions 
of these experiments, gaseous nitrogen elimination from the body as a whole 
during the course of oxygen inlialation follows a curve which can be conveniently 
expressed by one or more exponential terms of the form 


Y = Q(I - e'«). 

vhich states that the quantity of nitrogen, y, is eliminated at a rate which is a 
constant percentage of the amount present at any given time (14). Q represents 
tne mtrogen content of saturation value at the beginning of oxygen inhalation 
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third to one-fifth the amount that one would expect to recover were diffusion 
sufficiently rapid to establish equality between the pressure of ambient nitrogen 
and its pressure in the skin and subcutaneous vessels. By contrast, if the body 
is surrounded wdth helium, this rapidly diffusing gas enters the subcutaneous 
capillaries at a rate sufficiently rapid to allow computation of blood flow to the 
skin if the quantity of helium collected from the lungs is divided by the solubility 
coefficient of helium in blood (12). 

K the temperature of gas is raised in the bag, a rather shaip break occurs in 
the absorption curve and a linear rise in helium absorption accompanies the 
increased temperature (fig. 5). 

These experiments illustrate the simple linear uptake of a gas by the blood and 
its transport to the lungs from which information it is possible to compute 
peripheral blood flow on the basis of the amount of helium excreted into the 
lungs and its solubility in blood. 



Fig. 6. %HbCO as a function of time. The slope of the line is proportional to the per- 
centage of CO absorbed from the inhaled air. 

Absorption of carbon monoxide . — ^Turning now from the consideration of 
cutaneous absorption of gas to absorption in the lungs, one is confronted with 
an entirely different set of conditions. Whereas some 50 cc. of helium can be 
absorbed through the skin per hour, that quantity can be absorbed into the 
circulating pulmonary blood within a period of two minutes. 

The manner in w^hich the blood absorbs a gas is illustrated by the uptake 
of carbon monoxide (13). Again, a linear relationship holds for carbon- 
hemoglobin saturations at least up to 30-per cent (fig. 6). Pace and others have 
analyzed some of the factors entering into this linear uptake of carbon monoxi e 
and found that, at any given time, t, the quantity of carbon monoxide inhaled 
will be 

Min. vol. X pts. CO/10,000 X t. 

Of the carbon monoxide inhaled, a constant percentage, fc, will be absorbed by 
the circulating blood. The value of b in healthy young men fies between 40 
and 50 per cent. If the blood can absorb 20 volumes per cent of carbon 
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monoxide, then the saturated blood ■will contain gg of garbon 

o 

monoxide. The percentage of carhon monoxide absorbed by the blood ■will 
then be 


100 X Min, vol. X pta. CO/10.000 X t X k 
Blood vol. 

6 


or, where k equals 0.5, 


%HbCO = 


25 X Min, vol X pts. CO/10,000 X t 
Blood vol. 


Of special interest, particularly in patients with pulmonary disease, would be 
determinations of carbon monoxide removed from the inhaled air under condi 



Fm. 7. Total amount of CO absorbed by the blood ns a function of the amount available 
XlJTr P™P”‘ional to the fraction of CO absorbed in 

tions of controlled pulmonaiy ventilation. The greater the slope of the line 
fig. 7), the more effective is pulmonary absorption of carbon monovirin f 

ZTJT lirsfo^ifh: 

of these e.xperiments, gaseous nitrogen elimination from conditions 

fiunng the course of oxygen inhalation follows a ctin-e which ea 

expressed by one or more exponential terms of the form ”” conveniently 

Y = Q(1 _ o-«)^ 

t'hich states that the quantity of nitroeen Y i., r • 

instant percentage of the amount preset at anr ^ "*>ch is a 

cginmng of o.xygen inhalation. 
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k governs the rate of change in the slope of the curve, and (1 — gives the 
percentage decrease of the total nitrogen during the time interval, i. 

The value of Q, in terms of 7, can be expressed as 



provided that the time interval t?, corresponding to the value of Yz, is twicts 
that of ii, corresponding to the value for Yi. ' 

In terms of k, equation (1) becomes 

(S) 

Meaning of the exponeniial curve . — the values for nitrogen elimination could 
be obtained from the single exponential expression (1), then blood flow, in order 
to carry away, let us say, 5 per cent per minute of the amount of nitrogen avad- 



Fig. 8. Elimination of nitrogen from the body during a course of oxygen inhalation. 
Curve a is drawn through the experimental values. Curves i and c are hypothetical and 
represent the elimination of nitrogen from the body solvents, * ‘fluid” and “fat." The 
values of Curve a are the sum of the corresponding values on Curves b and c. 


able for tran^ort at any giveirtime, must be distributed uniformly in relation 
to the nitrogen content of the body. This, however, is not the case for the 
body as a whole. Areas rich in fat and high in nitrogen content have relatively 
poor blood supply. Hence, the blood, in the course of tissue desaturation is 
not carrying equal amounts of nitrogen from the various tissues since th&venous 
blood draining these tissues may, in some parts of the body, be saturated and, 
in other parts, relatively nitrogen free. The percentage of nitrogen removed 
in unit time in proportion to the amount present, therefore, is highest at the 
beginning of nitrogen elimination and gradually decreases during the course 
of desaturatioh. If the experimental values ior nitrogen elimination are sub- 
stituted in equation (1), the value of k does not remain constant but progressively 
decreases from approximately 0.04 to 0.014 during the course of five hours. 

The curv'^e for total nitrogen (Curve a, fig. 8) can be more accurately repre- 
sented by two eiqionential expressions on the basis of a hi^ value for k during 
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the first hour and a low value for k after the first hour. If that portion of the 
curve after tlie first hour is extrapolated to the left on the basis of its k value, 
then Curve c (fig. 8) can bo drawn. The difference in the nitrogen values for 
Curve c and those of Curve a is represented by Curve b. Curve a is thus the 
^sum of two components, Curves b and c, or, 

Y = 480(1 - + 360(1 - 

The semilogarithmic plot of (Q — 7) and t renders b and*c straight lines (fig. 9). 
The theoretically correct fit of Curve a may be obt^ed, as Smith and Morales 
have shown, by three e-xponential expressions or one more than the number of 
gas solvents, i.e., fluid and fat (fig. 10). 



Fio. 9. Logarithmic analysis of Figure 8. If the y values of Curves b and c are subtracted 
from their corresponding Q values, the log (Q — y) plotted against time is linear. The Q 
value for Curre 6 is 480 and the k value .091. The corresponding values for Curre c are 360 
and .003. (From unpublished data of Bebnke obtained in 1934-35.) 

The interpretalion placed upon the “fat" and “water" curves . — ^Tlie curves b 
and c (fig. 8) are only approximations of the manner in which nitrogen is absorbed 
by, or eliminated from, its chief body solvents. They should not be interpreted 
to mean that fat and water exist as separated entities in the body, but rather 
that the fat, lipoids, and water are so distributed that during saturation a large 
part of the nitrogen absorbed by fat and lipoids diffuses from the body fluid 
(15). On decompression the reverse process is thought to occur. Thus, during 
decompression following partial saturation, the diffusion of nitrogen from tlie 
rapidly saturating body fluids into the slowly saturating lipoids and fat tends 
to equalize the partial pressure of nitrogen in the different tissues of the body. 
With the e-xception of tissues with a high fat content (adipose tisaie, bone marrow 
and spinal cord) the division of the body into tissues which saturate or desaturate 
at different rates is largely arbitrary and the body can be regarded essentially 
as a unit. Tliis fundamental concept can be made more clear by comparing 
tire body to a beaker of water in whicli is distributed fat, with a greater concen- 
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Fig. 10. Semilog plot (lower graph) of a nitrogen elimination curve (upper graph). The 
total nitrogen eliminated, Q, equals 780 cc. The values on the original curve are the sum 
of the corresponding values of the linear curves having respective Q and k values of 172, 
.13; 353, .028; and 255, .0079. (From data of Behnke as analyzed by Smith and Morales.) 

tration of fat in the lower portion. If the beaker is now exposed to a high 
nitrogen pressure for a short period of time and then quickly returned to atmos- 
pheric pressure, diffusion of nitrogen will take place from the water into the 
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surrounding air and also into the unsaturated water and fat present in the 
beaker. In the body, after short exposures (up to 30 minutes) to high pressure, 
the fat acts as a nitrogen absorbent during decompression and serves as a buffer 
against bubble formation in the blood stream. Fat men, consequently, nith 



Fig. 11. Nitrogen elimination from 4 dogs placed in an oxygen atmosphere at normal 
pressure. During the first 7 minutes of oxygen inhalation, the lungs and apparatus were 
rinsed free from nitrogen. (From Shaw, Behnke, Messer, Thomson, and Motley, Am. J. 
Physiol., 112 : 543 (1935).) 



Fig. 12. The nitrogen elimination from the same dog following equilibrium exposures 
in air at 1, 3 and 4 atmospheres of pressure on different days. The nitrogen eliminated 
during the first 8 minutes of oxygon inhalation was not collected. Curve A, desaturation 
from 1 atmosphere; Ctirco B, desaturation from 3 atmospheres; Curve C, desaturation from 
4 atmospheres. Experimental values are indicated by o and theoretical values by x. (From 
Shaw, Behnke, Messer, Thomson, and Motley, Am. J. Physiol., 112: 545 (1935) (redrawn by 
Morales). , 

adequate blood circulation should be better suited for short exposures in com- 
pressed air than lean men. 

Elimination of nitrogen previously absorbed at high pressures . — If anesthetized 
dogs are placed in a closed sj'stcm of circulating oxygen, the nitrogen elimination 
curves obtained (fig. 11) reflect individual differences in that desaturation of 
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^ prolonged in comparison with desaturation of the lean dog A 

If measurements of nitrogen elimination are made on the same dogs following 
saturation exposures at 3 and 4 atmospheres, then the quantities of nitrogen 
removed, in comparison with values obtained at 1 atmosphere, are in accord 
■with Heniy’s Law (fig. 12). 

The helium elimination curves . — the lipid substances are responsible for 
the prolongation of helium absorption or elimination, then helium, possessing 
a low fat solubility coefficient and a more rapid rate of diffusion, should be 
eliminated in a shorter period of time. Following exposure in a helium-oxygen 
atmosphere, it is observed (fig. 13) that the absorbed gas leaves the body in 
about one-half the time required by nitrogen (11). Smith and Morales found. 



Fig. 13. Desaturation rate for man, comparing nitrogen with helium. During the first 
45 minutes, gaseous removal takes place from the body fluids, and subsequently from 
the body fat. The solubility coefficients for helium and nitrogen are expressed as cubic 
centimeters of gas, reduced to standard conditions, dissolved per cubic centimeter of sol- 
vent, temperature 38° C. (From Behnke, The Harvey Lecture Series XXXVII, 1941-42.) 


moreover, that two, rather than three exponential expressions required for the 
nitrogen curve, serve to predict accuratelj'" the curve of helium removal. In 
fact, the lowered oil-to-Avater solubility ratio and the more rapid rate of diffusion 
make it appear as though the helium were eliminated from one homogeneous 
solvent, the role of fat being obscured. 

The reality of these considerations is apparent from table 4. Decompression 
foUoAving short exposures in a helium-oxj^gen atmosphere is actually longer 
than that required for air. Following saturation exposures, how'ever, decom- 
pression time is increased fi’om 50 to 638 minutes for air, and by contrast from 
' 75 to 79 minutes for helium. 

Absorption of radioactive krypton.— Dx, John Lawrence and Dr. Hardin Jones 
of the Dormer Laboratory, University of California, have devised a technic of 
high precision for the measurement of the rate of absorption or elimination 
of a radioactive gas. If radio-krypton, for example, is inhaled, then a unit 
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of the Geiger counter held in the hand, shielded to protect against emanation 
from other parts of the body, will provide minute readings indicative of the 
rate of gaseous uptake. 

The absorption curve obtained during a period of 30 minutes is similar te 
that characteristic of nitrogen or helium. Its value lies in its reproducibility 
and the frequency and accuracy of indii’idual readings. Thus, three readings 
taken at 5, 10 and 20 minute intervals provide Q and k values for the exponential 
equation (1) that pemnt the calculation of intermediate values with a high 
degree of precision. Geiger counts recorded on an individual 5 and 10 minutes 
after the start of inhalation of krypton were 82 and 140, respectively (17). 
With these values, Q is found to be 280 and, if t is expressed in minutes, the 
value of k is 0.07. Substituting these values of Q and k in the equations (1), 
(2) and (3), the amount of gas absorbed can be computed for each minute of a 

TABLE 4 


Comparison of Total Decompression Time Following Exposure in Compressed Air and 
Exposure in a Helium-Oxygen Atmosphere 


DEPIH 

EXPOS ORE 

DECOMPRESSION* 

Air 

Helium Oxygen 

/«/ 

90 

minutes 

100 

60 

75 

90 

180 

— 

77 

90 

360 

— 

79 

90 

540 

638 

79 

150 

80 

141 

121 

150 

180 

— 

126 

150 

360 


12S 

200 

G5 

217 

164 

200 

90 

— 

164 


* Time in minutes. 


period up to about 13 minutes (table 5). Thus the calculated value for the 
third minute, for example, was 52 and the experimental value 56. 

Likeu-ise, the values obtained experimentally for 10 and 20 minutes can be 
substituted in the equations (1), (2) and (3) to provide a second set of Q and k 
values that enable us to compute accurately tlic Individual minute values for 
gas absorbed between 13 and 25 minutes. 


The k values thus obtained for the two periods of gas absorption are repro- 
ducible vithin a narrow range (table 6). An appreciation of the accuracy of 
Lawrence’s technic is afforded by the consideration that to obtain k values 
that vary less than 0.02 units requires experimental data that agree within 1 
to 2 per cent. Such accuracy is attained at times, but not consistently, for 
nitrogen elimination from the body as a whole (table 6). 

Inhalation of radioactive gas following the occlusion test . — If the blood supply 
to the hand and arm be occluded for a period of 10 minutes, the inhalation of 














TABLE 5 

Values Showing the Absorption of Radioactive Krypton 


NOEMAI. ABSOHMION 


ABSORPTION TOLtOWINO CONCtUSION 


Time j 

Observed 

Count 

From 

Graph* 

Computed 

Count 

Observed 

Count 

From 

Graph* 

Computed 

Count 

fftin. 

1 

6 

18 

19 

41 

56 

52 

2 

26 

36 

37 

114 

103 

94 

3 

56 

50 

52 

130 

134 

127 

4 

59 

67 

68 

144 

158 

155 

5 

83 

82 

82t 

173 

178t 

178 

6 

92 

97 

96 

202 

193 

194 

7 

124 

107 

108 

203 

205 

210 

8 

110 

120 

120 

220 

218 

222 

9 

140 

131 

130 

220 

229 

232 

10 

148 

140 

140t 

1 

232 

240t 

240 


* The graph was a freehand fit of experimental values, 
f Values employed to compute Q and h in the equation T = Q(1 — e"*')- 


TABLE 6 


Reproducibility of k Values* based on Absorption of Radioactive Kryptop and 

Elimination of Nitrogen 



RADIOACTIVE KRVPTON ABSORPTION 

NITROGEN EtmiNATIOH 

SUBJECT 

k 

k 

k 


0-10 min. 

10-20 min. 

10-20 min. 

SHA 

.138 

.103 

.044 


.125 

.089 

.064 

FOR 

.130 

.095 



.114 

.089 

> 

COB 

.092 

.087 

.079 


.110 

.067 

.036 

FRY 

.120 

.073 



.094 

.069 


BEH 

.106 

.074 

.055 


.100 

.077 





.040 




.040 

’ WEL 

.087 

.074 



.087 

1 

.076 


SNI 

.069 

.063 

.064 

.066 

.072 

.059 

MOR 

.071 

.063 

.043 

.058 

.052 

.086 


.050 

.059 



* 7 = Q(1 - e-«). 
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krypton ather at the start of, or following, the occlusive period, permits a 
partial analysis of some of the factors involved in gaseous saturation of the 
hand. The principal determinants appear to be: 

' (a) absorption of gas in the lungs, 

(b) cardiac output and the transport of gas from the pulmonary bed to 
peripheral tissues. 




Fio. 14. Absorption of radionctive krypton by tho hand 
(Analysis of unpublished data of Smith.) 

(o) compostion of tissues especially in relation to fat content, and 
(d) the effectiveness of peripheral blood flow in carrying gas to the greatest 
number of capillaries. 

In figure 14, the rate of saturation depicted by the upper Curve A (following 
the relaso of occlusion) is nearly three times that shown by the lower or normal 
Curve B. It would appear that factor (a), in healthy subjects, would bo the 
least variable. During the 10-minute period in which the blood supply to the 
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arm was cut off, on the assumption that the distribution coefficient for kiypton 
is of the same order as that for nitrogen, equilibrium in puhnonaiy gaseous 
exchange will have taken place. Moreover, the tissues of the shoulder and 
arm above the restriction will have approached half saturation with respect 
to the absorbed gas. 

In view of the maintenance of the resting state, factor (b), which involves 
cardiac output and some diffusion of gas through walls of large arteries, should 
not be greatly altered. 

Factor (c) relating to tissue composition remains, of course, constant. 

The most influential factor accounting for the difference in rates as shown 
in Curves A and B, appears to be factor (d), or effectiveness of peripheral blood 
flow. 

Following the return of blood supply to the arm it may be assumed that large 
capillary beds, quiescent in the normal experiment, open up so that the 
transported gas is absorbed vdth avidity. 

The actual diffusion or passage of gas through the capillary wall and into 
the extra- and intracellular fluids and fat, is expected to remain unchanged 
in both experiments A and B. 

The difference in saturation rates according to Curves A and B, or between 
the quiescent and active capillary beds, may prove to be least in men possessing 
the most effective peripheral blood flow tested under basal conditions We 
appear to have a measure of degree of reactive hyperemia. 

The application of these studies of gaseous absorption and elimination should 
give additional information of cardiac output, of blood flow to the skin, of the 
distribution and quantitative uptake of anesthetic gases. In the perspicacious 
analyses of Smith and Morales (18), some rather remarkable quantitative 
formulations are being made relating the k’s theoreticallj'' to arterial concen- 
tration, cardiac deliveiy, blood volume, and the volume, permeability, vascu- 
larity, and partition coefficient of each tissue. 

SOTIMABY 

The concept of a lean bodj’’ mass of relatively constant composition in species 
as different as man and the guinea pig is in accord with the finding of Hastings 
' that tissue free of fat yields closely reproducible and uniform results on chemical 
analysis. 

That big men may or may not be “oveiweight” follows as a correlary of 
these studies. On the basis of the standard height-iveight tables, 17 out of 25 
professional athletes studied could be considered as not physically qualified for 
militaiy duty or as first class insurance risks if an allowance of 15 per cent 
above the average values in the tables is considered as the upper limit. Of 
the 17 “All-American” football players mentioned prewously, 11 fall into the 
group possessing high corporeal specific gravity. According to our classification, 
these 11 men are in prime physical condition if the absence of excessive fat is a 
criterion of fitness, yet the type of physical exertion engaged in by these men 
is proof of sturdy physique in terms of speed, agility and endurance. 
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We have indicated that low specific gravity is associated with adiposity and 
that fat deposits act as a gaseous reservoir which predisposes to bubble forma- 
tion. Thus we can conclude that the “fat” man is a dangerous risk in deep 
sea diving but there is no doubt that he is a good candidate for surrdval on 
the life raft since he canies his emergency food supply on his person. 

REFERENCES 

1 

1. Behnke, a. R., Feen, B. G., and Welham, W. C. : The specific gravity of healthy men, 

J. A. M. A.. 118: 495-49S, Feb. 14, 1942. 

2. "Welham, W. C., and Behnke, A. R.: The specific gravity of healthy men, J. A. M. A., 

118: 498-501, Fob. 14, 1942. 

3. Ratubhn, E. N., and Pace, N.: Studies on body composition. I. The determination 

of total body fat by means of the body specific gravity, Research Project X-191, 
Report No. 1, Naval Medical Research Institute, 7 Aug. 44. 

4. Behnke, A. R.: Physiologic studies pertaining to deep sea diving and aviation, espe- 

cially in relation to the fat content and composition of the body, Harvey I^ecture 
Series, 37: lOS-226, 1941-1942. 

6. Morales, M. F., Rathbun, E. N., Smith, R. E., and Pace, N. ; Studies on body compo- 
sition. I. Theoretical considerations regarding the major body tissue components, 
with suggestions for application to man, Research Project X-191, Report No. 2, 
Naval Medical Research Institute, 7 Aug. 44. 

6. Webster, A. P. : Personal communication. 

7. Behnke, A. R., and Pace, N.*. Unpublished data. 

5. ViERODT, H.: Anatomische, physiologische und physikalische Daten und Tabellen, 

3rd rev. ed., Jena, Gustav Fisher, 1906. 

9. Barbour, H, G., and HAiULTON, W. P.: The falling drop method for determining spe- 
cific gravity, J, Biol. Chem., 69: 625, 1926. 

10. Pace, N., and Rathbun, E. N,: Studies on body composition. III. The body water 

and nitrogen content in relation to fat content, Research Project X-191, Report No. 
3, Naval Medical Research Institute, 7 Aug. 44. 

11. Behnke, A. R., and Willmon, T, L.: Gaseous nitrogen and helium elimination from 

the body during rest and exercise, Am. J. of Physiol., 131: 619-626, Jan., 1941. 

12. Behnke, A. R., and Willmon, T, L.: Cutaneous diffusion of helium in relation to pe- 

ripheral blood flow and the absorption of atmospheric nitrogen through the skin, Am. 
J. of Physiol., 131: 627-632, Jan., 1941. 

13. Behnke, A. R., Consol.\zio, W. V., White, W. A., and Pace, N. : Unpublished data. 

14. Behnke, A. R., Thomson, R. M., and Shaw, L. A. : The rate of elimination of dissolved 

nitrogen in man in relation to the fat and w'ater content of the bodj^ Am. J. of Physiol., 
114: 137-146; Dec., 1935. 

15. Behnke, A. R, : The application of measurements of nitrogen elimination to the problem 

of decompressing divers, U. S. Nav. Med. Bull,, 35: 219-240, Apr., 1937. 

16. Shaw, L. A., Behnke, A. R,, Messer, A. C., Thomson, R. M., and Motlet, E. P. : The 

equilibrium time of the gaseous nitrogen in the dog’s body following changes of nitro- 
gen tension in the lungs, Am. J. of Physiol., 112: 545-553, July, 1935. 

17. Behnke, A. R., and Smith, R. E.: Unpublished data. 

18. Smith, R. E., and Morales, M. F. : On the theory’ of blood-tissue exchanges: I. Funda- 

mental equations, Bull, of Math. Biophysics, 6: 125-131, 1944. 




DECOMPRESSION SICKNESS INCIDENT TO DEEP SEA DmNG 
AND HIGH ALTITUDE ASCENT' 

CAPTAIN A. R. BEHNKE, (MC), U. S. NAVY 
Naval Medical Research Inslilule, Belhesdat Maryland 

In the previous lecture the concept that the body consists of a lean mass of 
tissue of constant composition and, in addition, variable amounts of fat, vas 
supported by data based on determinations of specific gravity in man and the 
guinea pig. With respect to inert gaseous exchange, fat appears to be of great 
importance because of its remarkable capacity to act as a gaseous reservoir. 

In this lecture we shall consider the effects in the fluid-fat mass of the wide 
variations in barometric pressure associated with deep sea diving and high 
altitude flight. A study of these pressure alterations requires the broad distinc- 
tion between the manifestations of the pressure force itself which, under certain 
conditions, acts to distort the shape of the body mass, and those disturbances 
which are associated with the movement of gases into, and from, the tissues 
of the body. 


EFFECTS OF DECOMPRESSION 

Effects of compression applied equally to all parts of the body. — It is a remarkable 
phenomenon that the body can be compressed by 16 atmospheres (equivalent 
to a diving depth of 500 feet) without demonstrable change attributable to 
the compression itself provided that air has free access to all surfaces of the 
body, e.g., the membranous linings of the frontal sinuses, the ethmoid and 
mastoid air cells. Although the absolute cerebrospinal fluid and blood pressures 
are increased by 16 atmospheres, the relative pressure readings are not altered 
by as much as 1 mm. Hg. In so far as the pressure force operates, the brain 
is not in a “closed box” but is subject to the same compressive force as is the 
skin. That considerable pressure, in fact up to hundreds of atmospheres, is 
well tolerated by protoplasm has been shown by McKeen Cattell. Similarly, a 
decrease in ambient air pressure, corresponding to altitude ascent to 50,000 
feet (equivalent to 0.11 atmospheres) will not, in itself, cause injury. This 
tolerance implies equal distribution of pressure to preserve unaltered the structure 
of tissues and the body as a whole. 

Effect of unequal pressure application. — K, for any reason, the pressure is not 
equally distributed upon all the body surfaces, even a pressure difference amount- 
ing to no more than one-sixteenth of an atmosphere or less than 50 mm. Hg 
(1 pound/sq. in.) ivill alter the shape of tissue to induce congestion, edema, 
hemorrhage, and pain. 

The effect of compression and differences in pressure within the body is 

' Lecture II of Tho John Wyckoff Lectures on “The Composition of the Body in Eolation 
to Decompression Siokness,” delivered at New York University, 7 and 8 December 1M4. 

' (The contents of this leoture are not to bo construed ns an ofTicial expression of tho views 
of the Navy Department.) 
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illustrated by the native pearl diver who, in the course of diving, is subjected 
to an adchtional compressive force of 1 atmosphere for eveiy 33 feet of descent 
At a depth of 100 feet, for example, the total pressure acting on his body is 
of the order of 4 atmospheres. At this depth, the air in the diver’s chest at 
tiie surface, let us say 6000 cc., is compressed to one-fourth, or 1500 cc. This 
amount approximates the residual air volume. The depth, therefore, to which 

the unprotected diver descends is limited by the ratio of chest volume to residual 
air volume. 


Should the diver now descend further, the additional hydrostatic pressure, 
unable to compress the rib cage without injury will bring about a condition 
known as a “squeeze.” The effect of the “squeeze” is to force blood and tissue 
fluid into the respiratory passages where the residual pulmonaiy air is under 
less pressure than the tissues due to the limitation afforded by the ribs. Equali- 
zation of pressure tends to be restored by the accumulating transudate but 
it is at the cost of tissue trauma. 

Effect of 'pressure differences on ears and sinuses . — In a similar manner, aural 
and sinal membranes are injured by a “squeeze” if the corresponding ostia of 
the lined spaces do not permit the free ingress of air. 

During the past 12 years, thousands of our submarine personnel have been 
subjected to SO pounds per square inch gauge pressure in naval recompression 
chambers in connection with the submarine escape drill. From 5 to 25 per 
cent of the trainees, at any given time, have been unable to accommodate 
readily the excess pressure because of “colds” or varying degrees of infection 
of the upper part of the respiratory tract resulting in the sealing off of the 
openings of the auditory tubes, and, less frequently, the sinal meatus. 

In aviation during descent from altitude, the increased pressure sindlarly 
affects individuals to create a condition termed “aero-otitis media” by Arm- 
strong and Heim (1) . In chdlian aviation, the stipulation that passenger aircraft 
must descend at a rate not greater than 300 feet per minute was based upon 
the difficult 3 '^ generally experienced in accommodating the increased pressure. 
The prevalence of obstruction of the Eustachian tubes of apparently healthy 
individuals is indicated by an incidence of 10 per cent failure at any given time 
to accommodate rapidly to pressure changes. About 1.5 per cent are affected 
by obstruction of sinuses, and another 1.5 per cent are subject to pain in one 
or more teeth. Tlie pain elicited by the unequalized pressure is confined to 
the area affected. The involvement of a tooth suggests the presence of a smaU 
gas pocket in the pulp or in a part of the tooth where soft tissue cm 
be “squeezed.” With reference to the ear, the pain may be felt over the mastoid 
area as well as in the auditory canal indicating that the entire membranous 

lining of the air spaces and cells is involved. 

In clinical practice, a form of catarrhal otitis media and the frontal “vacuum 
headache simulate closely the type of trauma ascribed to negative pressure. 
The occlusion of an auditoiy tube or frontal sinus leads to a partial absoiption 
of oxygen proportional to the difference between the pressure m the air ot 15y 
mm. Hg and the pressure in the lining membrane of less than 40 mm. Hg. buc 
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disturbance.gives rise to tlie type of pain and the pathologic picture described 
for the acute injury obsen'ed in the pressure chamber. 

It is recognized that, in children and infants, the presence of adenoid tissue 
around the opening of the auditory tube may be responsible for the frequent 
occurrence of catarrhal otitis media during inflammation of the nasopharynx. 
That the concomitant pain may be referred to the mastoid area -which is tender 
to palpation indicates not necessarily an infective process, but a pressure trauma 
brought about by the rather complete absorption of the incarcerated oxygen (2). 

Effect on hearing . — ^Following acute trauma, the audiogram reflects diminished 
perception of sound over the -whole frequency range. As the pathologic dis- 
turbance undergoes resolution, however, hearing returns to the initial level of 
acuity. The rarity or absence of proved cases of deafness arising from injury 
incident to pressure trauma stands in contrast to the permanent aural damage 
caused by gunfire.- Complications of suppurative otitis media, moreover, are 
infrequent if the traumatized tissues do not come in contact with water. The 
spread of infection from the nasopharynx by air passing into the Eustachian 
tubes during compression is not established. 

EITECTS OP DECOMPRESSION 

Overdistension of the lungs . — To escape from a sunken submarine, an individual 
may breathe compressed air or oxygen by means of a rebreathing bag such as 
the Momsen lung (fig, 1). The speed of his ascent can be regulated by means 
of a buoy line previously released from the submarine. In this manner ascents 
have been made routinely in submarine escape training tanks from depths of 
100 feet and in the open sea from depths of 200 feet (3). 

During such ascents, the compressed gas in the lungs and in the breatliing 
bag escapes through a relief flutter valve located on the bottom of the breathing 
appliance. In this manner, the intrapulmonic pressure closely approximates 
the ambient hydrostatic pressure. 

If tlie individual, instead of breathing freely, holds his breath and ascends 
to the surface, the intrapulmonic pressure becomes higher than the hydrostatic 
pressure and the difference in pressure overdistends the lungs, ruptures blood 
vessels and gas is foreed or aspirated into the blood stream. The gas emboli 
subsequently produce symptoms referable to the central nervous system and 
the circulation. The following description of symptoms produced by too 
rapid ascent combined irith breath holding is typical: 

“About a minute later he slowly collapsed in the water. The e.vtremities and body were 
cold and the muscles were rigid. Breathing was shallow and rapid and the pupils wore 
dilated, but reacted to light. The radial pulso was absent and tlie heart seemed alow and 
weakened. After about 15 minutes, the patient began to make sounds and to roll his ej'cs 
about. Ho was then dressed, but gave no asalstance to this act and made thrashing, and 
apparently hysterical movements with the arms and legs. When seen about a halt hour 
later, he complained of loss of -vision, even to light, and anesthesia of the left foot and log." 

If, in tests, one purposely holds his breath during ascent, a sensation of 
substemal distress and a feeling of actual stretching of the lungs forces exliala- 
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illustrated by the native pearl diver who, in the course of diving, is subjected 
to an additional compressive force of 1 atmosphere for eveiy 33 feet of descent. 
At a depth of 100 feet, for example, the total pressure acting on his body is 
of the order of 4 atmospheres. At this depth, the air in the diver’s chest at 
the surface, let us say 6000 cc., is compressed to one-fourth, or 1500 cc. This 
amount approximates the residual air volume. The depth, therefore, to which 
the unprotected diver descends is limited by the ratio of chest volume to residual 
air volume. 

Should the diver now descend further, the additional hydrostatic pressure, 
unable to compress the rib cage without injury will bring about a condition 
known as a “squeeze.” The effect of the “squeeze” is to force blood and tissue 
fluid into the respiratory passages where the residual pulmonary air is under 
less pressure than the tissues due to the limitation afforded by the ribs. Equali- 
zation of pressure tends to be restored by the accumulating transudate but 
it is at the cost of tissue trauma. 

Effect of pressure differences on ears and sinuses . — In a similar manner, aural 
and sinal membranes are injured by a “squeeze” if the corresponding ostia of 
the lined spaces do not permit the free ingress of air. 

During the past 12 3’-ears, thousands of our submarine personnel have been 
subjected to 50 pounds per square inch gauge pressure in naval recompression 
chambers in connection with the submarine escape drill. From 5 to 25 per 
cent of the trainees, at any given time, have been unable to accommodate 
readily the excess pressure because of “colds” or varying degrees of infection 
of the upper part of the respiratory tract resulting in the sealing off of the 
openings of the auditory tubes, and, less frequently, the sinal nieatus. 

In aviation during descent from altitude, the increased pressure similarly 
affects individuals to create a condition termed “aero-otitis media” by Arm- 
strong and Heim (1) . In civilian aviation, the stipulation that passenger aircraft 
must descend at a rate not greater than 300 feet per minute was based upon 
the difficulty generally experienced in accommodating the increased pressure. 
The prevalence of obstruction of the Eustachian tubes of apparently healthy 
individuals is indicated by an incidence of 10 per cent failure at any given time 
to accommodate rapidly to pressure changes. About 1.5 per cent are affected 
by obstruction of sinuses, and another 1.5 per cent are subject to pain in one 
of more teeth. The pain elicited by the unequalized pressure is confined to 
the area affected. The involvement of a tooth suggests the presence of a small 
gas pocket in the pulp or in a part of the tooth where soft tissue can 
be “squeezed.” With reference to the ear, the pain may be felt over the mastoid 
area as well as in the auditory canal indicating that the entire membranous 
lining of the air spaces and cells is involved. 

In clinical practice, a form of catarrhal otitis media and the frontal ‘vacuum 
headache simulate closely the type of trauma ascribed to negative pressure. 
The occlusion of an auditory tube or frontal sinus leads to a partial absorption 
of oxygen proportional to the difference between the pressure in the air 
mm. Hg and the pressure in the lining membrane of less than 40 mm. Hg. Sue 
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disturbance. gives rise to the type of pain and the pathologic picture described 
for the acute injury observed in the pressure chamber. 

It is recognized that, in children and infants, the presence of adenoid tissue 
around the opening of the auditory tube may be responsible for the frequent 
occurrence of catarrhal otitis media during inflammation of the nasopharynx. 
That the concomitant pain may be referred to the mastoid area ■which is tender 
to palpation indicates not necessarily an infective process, but a pressure trauma 
brought about by the rather complete absorption of the incarcerated oxygen (2). 

Effect on hearing . — Follovung acute trauma, the audiogram reflects diminished 
perception of sound over the -whole frequency range. As the pathologic dis- 
turbance undergoes resolution, however, hearing returns to the initial level of 
acuity. Tlie rarity or absence of proved cases of deafness arising from injury 
incident to pressure trauma stands in contrast to the permanent aural damage 
caused by gunfire.- Complications of suppurative otitis media, moreover, are 
infrequent if the traumatized tissues do not come in contact with water. The 
spread of infection from the nasophaiynx by air passing into the Eustachian 
tubes during compression is not established. 


EFFECTS OF DECOMPRESSION 


Overdistension of the lungs . — ^To escape from a sunken submarine, an indmdual 
may breathe compressed air or oxygen by means of a rebreathing bag such as 
the Momsen lung (fig. 1). The speed of his ascent can be regulated by means 
of a buoy line previously released from the submarine. In this manner ascents 
have been made routinely in submarine escape tiaining tanks from depths of 
100 feet and in the open sea from depths of 200 feet (3). 

During such ascents, the compressed gas in the lungs and in the breathing 
bag escapes through a relief flutter valve located on the bottom of the hreathini*^ 
appliance. In this manner, the intrapulmonic pressure closely approximate 
the ambient hydrostatic pressure. 

If the individual, instead of breathing freely, holds his breath and ascends 
to the surface, the intrapulraonic pressure becomes higher than the hvdrostsfic 
pressure and the difference in pressure overdistends the lungs, ruptures blood 
vessels and gas is forced or aspirated into the blood stream. The emhcH 
subsequently produce symptoms referable to the central neivous 
the circulation. The follou-ing description of sj-mptoras producaf ^ 
rapid ascent combined with breath holding is typical; ' 


"Aboutaminutelatcrhcslonly collapsedinthenater TheextremiC • 

cold and the muscles were rigid. Breathing was shallow and mms 

dilated, but reacted to light. The radial pulse was absent and the h ^ 

weakened. After about 16 minutes, the patient hegnn tomnlo^ 

about. Ho was then dressed, but gave no assistance to this nnt ^ '“rnTtesynj: 

apparently hysterical movements with the arms and leia m 'Arcaf™ 

later, ho complained of loss of vision, oven to light, and anralieS'o^S? i fceinnr 

11, m tests, one purposely holds his breath 
substcmal distress and a feeling of actual stretching of theT'" 
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tion at -penodic intervals. A condition of fright, however, can apparently 
cause a spasm of the glottis to seal the trachea to bring about overdistension 
ot the lungs. Under this circumstance death has occurred in ascent from depths 
of only 15 feet. On the other hand, without any escape appliance, ascents 
can be made from depths of 100 feet provided the individual exhales periodically. 

Spontaneous pneumothorax—Either with or -without air emboh'sm during 
rapid decompression, spontaneous pneumothorax may occur in the distended 
lung. The following description of an accident in submarine escape training 
illustrates this complication: 



Fig. 1. The individual submarine escape appliance. The distance of the relief flutter 
valve on the bottom of the bag determines the static breathing pressures in the bag and the 
lungs. 

An indi-yidual “blew-up” from a depth of 20 feet in the submarine escape 
training tank. Examination revealed loss of consciousness, stertorous, gasping 
respiration, blood froth on the lips, and dilated pdpils with fixation of eyes to 
the left. During recompression consciousness was regained at a simulated 
depth of 15 feet and the patient felt all right at 50 feet. Following this treat- 
ment the patient complained of substernal soreness and was again compressed 
in the chamber to a simulated depth of 100 feet. He strained considerably 
during the compression in order to *‘clear’' his ears. 

Upon decompression at the 40-foot level, a pneumothorax was found present 
on the left side. At the 20-foot level the patient was dyspneic, cyanotic and 
excited. The pulse was erratic and weak, respirations were rapid and shallow. 
Oxygen was administered intermittently with some relief for a period of 20 
hours. It was necessary, however, at the 10-foot level to remove 1500 cc. of 
air from the thoracic space on the left side and an additional 750 cc. of air before 
the ambient pressure could be reduced to normal barometric pressure. Resolu- 
tion of the pneumothorax occurred during the next few days. 

It appears likely that the pneumothorax occurred primarily as a result of 
previous over(fistention of the lungs during the second decompression and was 
precipitated by the patient’s straining to “clear” his ears. 
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The mechanism of this tj-pe of spontaneous pneumothorax developing incident 
to changes in barometric pressure has been studied by Gersh (4) who observed 
atelectatic lungs in 7 out of 400 cats subjected to, and subsequently decompressed 
rapidly from, high pressure oxj’gen atmospheres. The primary defect appeared 
to be a rupture of a few alveoli with passage of gas beneath the visceral pleura 
to the mediastinum and subsequent rupture of mediastinal pleura to permit 
the entrance of gas into the thoracic space during decompression. In man 
some confirmatory erddence in support, of this mechanism has been obtained at 
autopsy in the rare fatal accident in coimection with submarine escape training. 

Oierdistension of abdominal viscera . — ^In ascent from deep diving depths, and 
more frequently in ascent to high altitudes, the e-vpanaon of gas trapped in 
the stomach and segments of the large bowel constitutes a senous impediment 
to further decompression. A viscous once having been distended with gas loses 
much of its functional motility. In distension of the stomach, for example, 
the cardiac and pyloric sphincters remain so ti^tly contracted that rupture of 
the gastric wall may take place. 


PRESSrmE CHAKGES LN' REn.AT10N TO GASEOUS EQUILIBRLA 

Narcotic action of nitrogen.— 'Ibe phenomena described have arisen primarily 
from differences in pressure which have acted to distend and rupture blood 
vessds and membranes. On a whoUj- different baas are those pressure 
phenomena associated with disturbances in gaseous equilibria. 

llTien the air pressure is raised to 4 atmospheres or higher, the gaseous nitro- 
gea induces a narcotic action manifest by decreased ability to work and changes 
in mood which may be no more than mild euphoria (5) (6). A slowing up of 
mental activity and fixation of ideas are characterisHc responses. Recollection 
requires greater effort and concentration is difficult. Frequent errors may be 
made in arithmetical calculation and in the recording of data. The responses 
necessary for proper motor performance and accuracy are impaired. The 
responses may in fact be indistinguishable from those associated with ano.xia 
or alcoholic intoxication. Although aU individuals are to some e.xtent narcotized 
ot deep diving depths stable indir.'iduals react to the stress by mcreased effort 
and carry out their tasks untU consciousness is lost. The unstable indiridual, 
on the other hand, is incapable of purposeful effort and is apt to di^pate his 
onetgies through vocal, pugilistic or narrative charnels. ^ ^ ^ 

The substitution of a helium-oxj'gen atmosphere for air rnmimizes or abolishes 
fte untoward reactions and the preidously abnormal indindual becomes an 

efficient worker. . . . , , 

helium, in contrast to nitrogen, is not narrotic is not entirely clear. 
The physical properties of the gas may be of great imprtance since argon, 
nlthough chemically inert Iffie helium, nonethel^ chats the mtrogcn tj-pe 
nwcoas. The oil-water solubility ratio and the molecular weight may be 
^Portant In accord with the Meyer-Oi-crton concept is the fact that helium 
P°«csses an oU-water solubility ratio one-third that of mther nitrogen or argon, 
^'■rthermore, the molecular weiglit is only one-seventh that of mtrogen. IVhat- 
the phyriologic basis of action, the mtngumg fact is that atmospheric 
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mtrogen, an elementary and inert gas as it exists in the body at normal pressure 
^\ull induce a narcotic type of unconsciousness under high pressure. 

Decompression sickness. ^The more familiar phenomenon relative to exposure 
to variations in atmospheric pressures is the formation of gas bubbles in the 
blcmd stream and tissues following too rapid decompression. Robert Boyle, in 
1670, ivith discerning prescience, outlined what appears to be the true nature 
of compressed air illness in the following statements quoted from the paper of 
Professor John Pulton (7) : 

“The little Bubbles generated upon the absence of the Air in the Bloud, juyces, and soft 
parts of the Body, may be their Vast number, and their conspiring^ distention, variously 
streighten in some places, and stretch in others, the Vessels, especially the smaller ones, 
that convey the Bloud and Nourishment; and so by choaking up some passages, and viti- 
ating the figure of others, disturbe or liinder the due circulation of the Bloud!” 

Paul Bert, in 1878, exemplifying the perspicacity that distinguished the 
brilliant French scientists, presented experimental proof of the relationship 
between air embolism and decompression S 3 Tnptoms in his classic book, “La- 
pression Barometrique” (8). The use of recompression as the proper treatment 
for compressed air illness is but the application of Paul Bert’s theory. No 
therapeutic procedure is more effective than recompression. It is the specific 
treatment of the asph 3 odated, pulseless, cyanotic patient whose blood stream 
is filled -with multiple gas emboli. 

The fluid-fat mass subjected to increased pressure; doubles its nitrogen 
content for each atmosphere of increased pressure provided that the exposure 
is sufficiently prolonged. If decompression is properly regulated, the trans- 
port agent, blood, carries the excess nitrogen in physical solution to the lungs. 
Too rapid decompression, however, produces bubbles in the blood stream and 
in fatty tissue. 

Macro- and microscopic observations . — In dogs rapidly decompressed from 
high atmospheric pressure (60 pounds gauge), small bubbles can be observed 
first circulating rapidly through cutaneous arteries and veins and later bubbles 
of gradually increasing size are found to slow down and eventually stop circula- 
tion (9). 

In monkeys fitted with leucite calvaria, according to the method of Sheldon 
and Pudenz (10), the formation and movement of bubbles in the cerebral blood 
vessels can be observed following rapid decompression. 

Wagner (11) at the Naval Medical Research Institute has observed through a 
Forbes window the movement of gas bubbles in the pial blood vessels of cats. 
The bubbles always appeared first in the arteries, and later, as the blood flow 
decreased, in the veins. Sludge formation, or the close grouping in compact 
masses of red blood cells separated by zones of clear plasma, accompanied the 
reduction in blood flow. This clumping of cells described previously by 
Swindle (12) is not a true agglutination but a phenomenon that occurs as Knisely 
has demonstrated under a variety of conditions associated vdth slowed circu- 
lation, plasma loss and cell packing. 

In the histologic studies of Gersh (13) on rapidly decompressed guinea pigs, 
intravascular gas bubbles occurred in all tissues and organs but were far more 
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Fig. 2. Camera lucida drawiiiR of a portion of a section of fat sliowing a terminal venii 
and venous capillaries greatly distended with gas. Also represented is an arteriole (sti 
pled) which contained red blood colls in one portion and which in another portion is mar 
cdly stretched and thinned. Tissue was taken fron^ a guinea pig which had been rapid 
decompressed from a high pressure atmosphere {from Gorsli and Hawkinson, Hescan 
Project X-284, Keport No. 1, Naval Medical Research Institute). 

Fio. 3. Photomicrographs of sections of the adrenal gland of a guinea pig dccompressi 
from high pressure (after Gersh and Hawkinson» Research Project X-2S4, Report No. 
Naval Medical Research Institute). 



Fig. 4. Idealized drawing of minute bubbles in myelin sheath of nerve fibers from 
section of sciatic nerve. Tissue was taken from a guinea pig killed 5 seconds after decor 
presaion (Gersh and Hawkinson, Research Project X-2S4, Report No. 1, Naval Medic 
Research Institute). 


numerous in those rich in fat. Extravascvilav bubbles tvere observed only ; 
bssue rich in fat and in tlic lipid matter of the adrenal cortex and the mveli 
sheaths of nerve fibers (figs. 2, 3, and 4). 
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^‘“ses of bubble formation obaerved in fat tissue 

and r f^r V f by ™lo*ns of minute bubbles (B 

and C), (2) rupture of gas filled cells to produce pockets (D), and (3) rupture 
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Of considerable importance are the obseiTations that bubbles may be present 
the blood vessels and not extravascularly in fat, and that fat guinea pigs 
comparison vith lean animals not only show extensive intra- and extravascu- 
r bubble formation but that these bubbles form in the fat guinea pigs at 
nsiderably lower decompression levels. 

That bubbles pass from gas pockets in fat into the blood stream has not been 
■monstrated but it would be possible for such tissue bubbles to enter ruptured 
'ssels. The capacity of fat, however, to act as a gaseous reservoir is certain 
im these histologic studies. 
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T'ic. G. KclatioDslnp of specific gravity of the guinea pig to gauge pressure follouing 
wompression in 4 seconds after 1-hour exposures in compressed air (after Gcrah, Hawkln- 
Hatbbun and Behnkc, Ilcscarch Project X-284, Report No. 2, Naval Medical Research 

nstituto). 


Quantitalive evaluation of hulible formation.— K the specific gravities of the 
'cdies as a whole of guinea pigs and of individual tissues are measured and cora- 
'Mcd before and after rapid decompression, a measure of the degree of intra- 
ocular and extravascular bubble formation is afforded (14). Wlien guinea 
''gs Were decompressed from pres-suies of less than 45 pounds per square inch, 
iiere was no cliange in specific gravity of cither the animal as a whole or the 
‘■'by tissues. Decompression in 4 seconds, however, from pressure levels of 
'I'ln GO to 105 pounds per square inch was associated witli a linear decrease in 
’Pccific gravity (fig. 6). Fat tissue itself varied from 0.95 to 0.05, adrenal 
dand from 1.045 to 0.97, and the guinea pig as a vhole from 1.050 to 1.00, when 
las bubbles were present in tissues. 

“gain it is tlie fat guinea pig that showed the most marked decrements in 
Tecific gravity beginning at levels as loiv as GO pounds per square inch. Tlie 
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specific gmdty values of lean guinea pigs even at the highest pressures used 
(1^ pounds per square inch), were only slightly affected. 

The influence of oil to wafer solubility ratio.-lf now, 'the same procedures 
employed to produce bubbles in an air atmosphere are repeated using the follow- 
ing gas mixtures, these relationships are obtained (15) ; 


Argon-oxygen 

Nitrogen-oxygen (air) 

Helium-oxygen 

The highest pressures employed consistent with survival time 

Argon-oxygen 

Nitrogen-oxygen (air) 

Helium-oxygen 

Oxygen 


Bubbles form following 
decompression from 

60 Ibs/sq. in. 

76 Ibs/sq. in. 

90 Ibs/sq. in. 

were: 

30 Ibs/sq. in. 

45 Ibs/sq. in. 

75 Ibs/sq. in. 

90 Ibs/sq. in. 

(3 out of 4 
guinea pigs 
survived) , 


Symptoms in man arising from rapid decompression . — ^The rapid release of 
ambient pressure may give rise to pain, paralysis and asphyxia. Minor symp- 
toms are pruritus, skin rash, and fatigue. That the s3Tnptoms arise primarily 
not from free gas in fat but from obstmction to blood flow by intravascular 
bubbles accumulating in peripheral and pulmonary blood vessels, especially 
the veins, is consistent with most of the data bearing on this type of injuiy. 

That bubbles in subcutaneous fat tissue are not productive of pain is inferred 
from the follovdng obseivations. If the procedure termed denitrogenation is 
employed for a period of one hour to remove, for the most part, the gaseous 
nitrogen dissolved in body fluids, then an individual may be rapidly exposed 
to an altitude of 46,000 feet mthout developing symptoms of aeroembolism. 
Purtheimore, the subcutaneous emphysema which can be produced by the 
mild trauma incident to periodic inflation of a sphygmomanometer pressure 
cuff about the arm, does not give rise to pain and yet crepitus so produced will 


disappear with reapplication of ambient pressure. 

Further evidence that the gas in fat does not cause symptoms consists in the 
observation that pain arising from too rapid decompression in helium atmos- 
pheres is similar to the pain occurring in compressed air illness. Helium, as 
previously pointed out, is present in rather neglible amounts in fat or diffuses 
rapidly out of fat, thus predisposing to bubble formation in the blood. 

Bends . — ^The most common manifestation of compressed air illness is a dul , 
throbbing type of pain, gradual in onset, progressive and shifting in character, 
and frequently felt in the joints, or deeply in muscles and bones. Pam or 
pains of this nature are referred to as “bends”, a term established by usage o 
denote<^a well recognized clinical entity. Prior to the onset of pain there may 
be particularly in the joints, paresthesia frequently described as numbness or 
mmely an awareness that “something is not right.” Skin temperature may 
fall as the part involved becomes blanched in appearance. 




A most likely location giving rise to bends is bone, particularly the m 
■with its high absorption coefficient for nitrogen. Ifurthermore, the slu 
sinusoid type of circulation in the marrow and the natural obstructions i 
e-xit of bubbles, consisting of dichotomous branches of a vein travcrsir 
rigid-walled cortex, serve to make the bones a trap for gas bubbles dissemi 
from the general circulation or forming in situ in the marrow spaces, 
the point of view of body economy, bone is the organ that renders man un 
for long exposures in compressed air. 

That bubbles are present in the marrow is inferred from the intensifiei 
experienced by some subjects during early recompression. This type ol 
is believed to arise from a difference in pressure, or an actual “squeeze” ol 
marrow tissue, resulting from compression of bubbles which is so rapic 
body fluids caimot immediately replace the suddenly diminished gas v 
■within the bone cortex. 

Recent reports of characteristic lesions in bone (Henry Taylor, N. 1 
(16) appearing in caisson workers support the vie'w that the symptoms ] 
rise to bends originate, in part at least, from ischemic changes in bone. 
strom. Burton, and Phemister (17), Coley and Moore (18), and Rendic 
Harrington (19) describe lesions in diaphyses and epiphyses of long 
complicated by joint involvement and attributed to aseptic necrosis of 
or interference mth nutrition occurring secondary to the interruption of 
supply by liberated nitrogen gas. 

However, the etiologic relationship between the presence of these lesior 
embolic injury must be corroborated by additional findings and animal e 
ments before final conclusions can be dra^vn. In divers suffering repei 
from experimental bends. Lieutenant Commander Walter Welham, i 
TJSN, and tlie 'writer found no characteristic lesions in a roentgenologic 
at different periods following injury. 

Some factor, such as multiple repeated injury, concomitant infectk 
anomalous blood supply must operate in conjunction with embolism to pi 
the described changes. The analogy that may be drarvn to the relatic 
between the ingestion of alcohol and cirrhosis of the liver suggests th 
integrative analysis is required to evaluate tlie findings. 

That gas emboli form to interfere with the blood supply to muscles and 
tissue is also consistent with the symptoms of bends especially those 
occur in rapid decompression in a helium atmosphere. The decreased soli 
of helium in fat renders the incidence of bone lesions less likely than the inci 
of these lesions following air decompression. Following helium dive; 
upper extremities are more frequently afflicted with bends than they are f 
ing compressed air dives. Sw'elling of the arms is not uncommon and cr 
has been elicited along the brachial veins suggesting that venous retui 
been paritally blocked by the gas emboli. Vasoconstriction of cuts 
vessels is evident by the pallor and fall in temperature of tlie skin. Fati 
a symptom of especial interest which may be prodromal or subsequent to 1 
In experimental borderline decompressions, fatigue is frequently the firs 
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of excessive bubble formation. In association with bends,' fatigue may take 
the form of an exhausting malaise combined with chills, fever, and sweating. 

Minor symptoms as skin rash and pruritus occur with regularity if the skin 
is chilled during decompression. 

It is important to bear in mind that the onset of symptoms may occasionally 
be delayed as long as twelve hours following decompression and that sudden 
collapse may occur without warning in an apparently well individual three or 
four hours following decompression. The failure to consider these probabilities 
has led to errors in treatment (20). 

The following diagram may clarify the symptomatology of decompression 
embolism: 
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Our deep sea divers have experienced symptoms during simulated ascents 
to high altitudes identical with the bends characteristic of compressed air 
illness as indicated in the above outline (21). Paralysis alone of the symp- 
toms is less likely to occur at high altitude. Other disturbances attributable 
to injury of the nervous system, bai’ring visual symptoms, are also rare occur- 
rences. 

On June 25, 1942 a diver breathing a helium-oxygen mixture for a period 
of 30 minutes at a depth of 400 feet was decompressed too rapidly. His chief 
complaints were pain, swelling, and limitation of motion confined to the right 
ankle. 

On July 28, 1942 he served as a subject for rapid decompression to a sim- 
ulated altitude of 38,500 feet. This test was terminated after a period of 46 
minutes because of intense pain affecting the right ankle. 

Paralysis . — ^The most serious complication of decompression sickness is 
paralysis. The spinal cord with its relatively poor blood supply in comparison 
wdth the brain is most frequently involved. Within the spinal cord itself, the 
regions frequently involved are the lower thoracic and upper lumbar portions 
giviag rise to weakness of the lower extremities, spastic paraplegia, and genito- 
urinary impairment (22). f n r 

Dogs rapidly decompressed from high pressures and then only partially 

recompressed (to a degree that prevents death from asphyxia) frequently develop 
paralysis of the hind legs, foot drop, a spastic type of gait, and paralysis ol he 
bladder musculature. 
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Similar symptoms in man are usually followed by gradual remission. For 
an individual following decompression to remain in apparently good condition 
for a period of several hours and then collapse because of paralysis of the lower 
extremities is characteristic of the insidious nature of the injury. Fortunately, 
immediate and prolonged recompression usually brings about immediate 
recovery even follmving paraplegia of the lower extremities. 

In the dog and in man incompletely treated by recompression following 
massive embolism, residual symptoms may persist for months. 

There is a remarkable lack of cerebral involvement even under conditions of 
widespread embolism. Vertigo, deafness, occasional aphasia, and transient 
visual disturbances have been recorded. In contrast with spinal cord lesions, 
permanent impairment referable to lesions of the brain is rare. 

Clinical conditions manifesting symptoms similar to those associated ivith 
the presence of air emboli in the spinal cord are tabes dorsalis, and arterio- 
sclerosis of the terminal aorta involving the lumbar segmental arteries. Reichert 
et al. described the conditions of four patients who exhibited weakness of the 
thighs on exertion, not accompanied by pain and associated ivith normal pulsa- 
tion of the femoral arteries. Tliese patients showed, however, e.xtensivc calci- 
fication of the terminal aorta. Reichert cpnfirmed his observations by producing 
a similar syndrome in dogs following ligation of the lumbar segmental 
arteries. (23). 

The effect of interference with the blood supply to tissues by intravascular 
bubble formation in young, healthy, vigoious men simulates the symptoms 
associated ivith the aged or ivith individuals afflicted nith arteriosclerosis or 
syphilitic arterial disease. Fortunately, incipient lesions incident to ischemia 
induced by gas emboli undergo rapid resolution if blood flow is promptly restored 
by the application of adequate recompression. 

"Choices ’’. — The most interesting manifestation of decompression sickness is 
a tj^ie of asphyxia designated most aptly by the early caisson workers as 
“chokes”. In comparison inth bends, chokes occur less frequently since they 
apparently require the accumulation of quantities of gas eliminated from the 
arterial circulation and extravascular tissues into the large veins, the right side 
of the heart and pulmonary vessels. 

Thus, several hours of complete well being follondng decompression may 
elapse before the appearance of the earliest symptom of chokes, namely, a 
sensation of substemal distress felt only during deep inspiration whicli frequently 
serves to elicit the cougli reflex. This sensation of substemal distress may be 
only transient or it may progress to frank asphyxia. Normal breathing becomes 
shallow, rapid and then dyspneic. Hie skin becomes cyanotic, or ashen gray, 
cold and clammy. The pulse beat, at first slow and pounding, becomes thready. 
Paroxysmal attacks of coughing or true “chokes” may precede loss of con- 
sciousness. The picture presented is one of "shock” and represents a trans- 
fonnation within a period usually of several hours from a state of health and 
vigor to one of incapacitation -without any apparent trauma being inflicted upon 
the individual. It is this condition that not only frequently supervenes in 
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divers when the premonitory symptoms of bends are ignored and treatment 
delayed but may also be responsible for circulatory collapse and deaths which 
occasionally occur follmving too rapid decompression in the low pressure chamber. 

A clearer concept of the etiologic factors underlying the progression from a 
state of well being to shock may be derived from studies of anesthetized dogs 
rapidly decompressed from high atmospheric pressures. 


TABLE 1 

Relationship between nitrogen bubble formation, respiratory rate and blood pressure in dogs 
rapidly decompressed from high atmospheric pressures 


EX- 

rEEi- 

MENT 

NO. 



REMARKS 

2 

1 

Time* 

Resp. rate 
Blood pres. 

12 36 

20 20 
no no 

1 

Compression 45 Ibs/sq. 
in, for 4 hours fol- 
lowed by decomp. 
Dog in good condi- 
tion the following 
day. 

4A 

Time* 

Reap, rate 
Blood pres. 

i 

4 8 14 17 21 25 94 200 

24 22 34 24 50 54 36 19 

(Values remained between 120-130 mm. Hg) 

Compression 00 Ibs/sq. 
in, for 1.5 hours 

4B 

Time* 

Resp. rate 
Blood pres. 

1 

1 

3 7 25 33 37 45 46 

14 14 9 8 7 7 Failure 

124 120 140 60 40 

Compression 60 Ibs/sq. 
in. for 2 hours fol- 
lowed 200 min. after 
initial compres, 

(4A). 

6A 

Time* 

Resp. rate 
Blood pres. 

3 11 14 27 19 21 26 32 36 58 

7 19 20 38 69 78 92 47 17 11 

90 112 90 90 

; Compression 60 Ibs/sq. 
in. 2 hours 

6B 

Time* 

Resp. rate 
Blood pres. 

1 3 Recompression 

9 Failure 

64 no to 25 120 92 88 

Compression 751bs/sq. 
in. for .55 hour fol- 
lowed 58 min. after 
initial compres. 

(6A) 


* Minutes following decompression. 


Anesthetized dogs in complete equilibrium (100 per cent saturation) with the 
partial pressure of nitrogen in air at 45 pounds gauge pressure can be decompressed 
in 10 seconds to atmospheric pressure without disturbances of respiration or 
blood pressure, indicating that either nitrogen bubbles have not formed in the 
blood, or that they are not of sufficient size and number to cause symptoms. 
That bubbles can exist in the blood stream wuthout producing symptoms is 
proved by numerous experiments in which small quantities of air have been 
introduced intravenously without harmful effects. 
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Decompression in 10 seconds, however, from 60 pounds gauge pressure after 
1.5 hours exposure, after an interval of about one-half hour, may be associated 
until a moderate increase in respiratory rate (table 1, experiment 4A). The 
return of breathing to the initial rate indicated that the degree of bubble forma- 
tion was within the dogs’ range of tolerance and the gas in bubble form was 
eliminated in the lungs. At the same time that rapid breathing begins, bubbles 
may be seen moving through eutaneous arteries and veins. A second exposure, 
however, of 2 hours duration followed by rapid decompression results in bubble 
formation of sufficient magnitude to fill the right ventricle and pulmonary 
blood vessels, thereby bringing about immediate asphyxia! death. This acute 
asphyxia is not preceded by tachypnea (table 1, experiment 4B). An asph 3 rxial 
rise in blood pressure to 140 mm. Hg is observed followed by a rather precipitous 
fall to 40 mm. Hg. 

The relationship helwcen rapid breathing and pulmonary gas embolism . — The 
symptoms from multiple gas emboli as produced in these experiments are 
remarkably similar to those associated irith pulmonary embolism arising from 
intravenous starch injections in goats (24), and from starch or seed injection 
into dogs (25). Of particular interest is the mechanism underlying the pro- 
duction of rapid, shallow breathing. Binger and his associates were able to 
distinguish rapid breathing due to obstruction of the pulmonary arterioles and 
capillaries from that due to obstruction of the larger branches of the pulmonary 
artery. They concluded, with reference to the etiology of rapid breathing that 
obstruction of arterioles and capillaries initiated reflex stimuli, while obstruction 
of the pulmonary artery and its branches produced anoxemia. Tlie reflex 
stimuli ivere thought to be the result of a particular lesion in the lungs, namely, 
congestion and edema which through a limitation of lung expansion probably 
initiated impulses through the vagal nerve endings. The mechanism underl 3 dng 
anoxemia was thought to be a more quickened blood flow through a diminished 
vascular bed resulting in a change in the quantitative relation of blood flow to 
the vascular diffusion area in the lungs. 

The results of these experiments, in contrast with the work of Binger and his 
associates, do not conclusively distinguish between anoxemia and the mechanical 
effect of bubbles in producing rapid breathing since both factors are removed 
by the same treatment, i.e., bubble absorption by compression and oxygen 
breathing. .Tlie rapid breathing is, however, considered to result primarily 
from reflex stimuli arising from the mechanical action of gas bubbles in the 
pulmonary vessels, and from anoxemia. 

Tims a respiratory rate of 90 following decompression (table 2) ivill return 
to 20 if oxygen is administered and the dog reoompressed to 30 pounds gauge 
pressure. As the pressure is slowly reduced, the respiratory rate again increases. 
At atmospheric pressure, the rate rises to 40 and then to 52 it oxygen is replaced 
by air. The continuance of the exjjcriraent by a third period of compression 
reduces the rate to 22, from which, following a terminal decompression, it rises 
to 100. 

The degree of tachypnea is of such magnitude as to indicate that reflex stimuli 
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arising from the mechanical action of gas bubbles in puhnonaiy vessels play a 
more important role than does anoxia. The failure of a high concentration of 
carbon dioxide in arterial blood (table 3) to change the pattern of the rapid 
shallow breathing is further evidence of the powerful effect of these reflex 
stimuli. 

According to HeUer, Mager, and von Schrotter (26), the effect of gas in the 
pulmonary vessels is to displace blood and to inflate the lungs intravascularly 

TABLE 2 • 

Relationship between respiratory rate, air pressure, and the inhalation of air and 

of oxygen 
Experiment 9. 


TIME 

TKEATMENT 

REST. RATE 

REMARKS 

12:22 

65 pounds air pressure 

26 

105 minutes compression 

12:33 

, Foil, decomp. 

90 

Period of bubble formation, air 1 atm. 

1:04 

Oxygen 30 lbs. 

20 

Recompression 

1:10 

Oxygen 10 lbs. 

30 

O.xygen decompression 

1:16 

O.xygen 5 lbs. 

32 


1:32 

Oxygen 1 atm. 

40 


2:30 

Air 1 atm. 

52 


3:00 

Oxygen 1 atm. 

40 


3:09 

Air 

40 


3:50 

65 lbs. air 

22 

p.p, of O 2 1.12 atms. 

4:06 

Follondng decomp. 

100 

Period of bubble formation 


TABLE 3 


Physiologic effects of too rapid decompression (5-6 seconds) of dogs exposed to 65 lbs. sq. in: 

gage pressure for. a period of 105 minutes 



ARTERIAL 1 

pCOa ! 

(1) ' 

! 

KESP. 1 
RATE 

(2) 

% SAT. 

HbOj 
(3) f 

BLOOD 

PRES. 

(4) 

arterial 

VEKOUS 
O 2 DIF. 

(5) 

0 . 

CAPACITT 

(6) 

Onnt.rnl Pp.nnrl 

45 

20 

90 

116 

3.6 


mTYiprpsRinn pfiriod 

69 

142 

24 

140 to 

6.9 i 



56 

40 

88 

30 

90 

n 

27.3 

Porjnri fnllmving rfifiompression 

69 

125 

26 

100* 


29.8 




1 1 

— 


* O.xygen was inhaled during the 2-hour recompression period. 


producing a decreased alveolar ventilation. The shallow breathing may, 
therefore, be tentatively looked upon as primarily the result of reflex stimuli 
initiated by alternate distension and contraction of gas containing vessels 
during inspiration and expiration respectively. Gersh has demonstrated the 
remarkable distortion that occurs in the gas filled pulmonary vessels of the 
guinea pig. 

In man, limitation of deep inspiration may be considered to be a sign 
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pathognomonic of the presence of bubbles in pulmonary vessels. Both divers 
and aviatore following too rapid decompression have been affected by restricted 
breathing. The sense of substernal irritation, tracheal dryness, and pain 
accompanied by coughing when deep inspiratory effort is made stands in con- 
trast mth the absence of symptoms if breathing is shallow. The disappearance 
of symptoms vdth recompression or sometimes oxygen inhalation, and the pres- 
ence of pulmonary bubbles in dogs in association with rapid, shallow breathing 
supports the view that the substernal distress in man is caused by bubbles. 

TABLE 4 


Effect of recompression with air and with oxygen on the blood pressure 
Period of compression 105 min. at 65 pounds gage pressure. Rate of decompression 5.^6 
seconds. 


XXP. 

SLOOD r&£S5US£ 

Control 

w 

(C) 

Aapbyxial Per. 

1 (C) 

Recomp. 30 lb. 

1 1.5 hours 

C4) 

1 hour foil, 
recomp. Air 

1 atm. 

(S) 

High 

, 

Low 

1 

11 Os* 

127 

166 

64 

104 

100 

14 0, 

102 

no 

62 

74 

74 

16 Os 

117 

136 

60 

116 


20 Os 

116 

140 

30 

90 

100 

22 0s 

150 

172 

68 

90 

80 

23 0s 

168 

166 

84 

60 

65 

13 Air* 

147 

154 

80 

106 

102 

16 Air 

97 

104 

62 

80 

85 

17 Air 

142 

130 

78 

122 

80 

18 Air 

115 

128 

54 

100 

103 

19 Air 

128 

162 

86 

124 

125 

21 Air 

132 

137 

80 

86 

114 

26 Air 

146 

120 

64 

90 

90 


* Breathed during recompression period at 30 lbs. pressure. 


In divers and aviators exposed to pressure changes the limitation of respiration 
serves as a premonitory sign that asphyxia and circulatory collapse may be 
imminent. 

Changes in blood pressure and pulse rate. — ^During the period of tachypnea 
following rapid decompression both pulse rate and blood pressure fall (fig. 7). 
That these asphyxial phenomena are in fact reversed by recompression, which 
serves to compress the obstructing bubbles, is apparent. 

A temporary rise in blood pressure usually preceded the precipitous fall 
(table 4). Tliis rise may be due to increased peripheral resistance as a result 
of multiple embolism. The abrupt fall in blood pressure is certainly, in part, 
dependent upon impaired blood flow to the left ventricle when the pulmonary 
circuit becomes filled with gas. Not only is it probable that mechanical blockage 
of blood flow takes place in the pulmonary circuit by bubbles but the force of 
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contraction of the right ventricle may be dissipated in compressing gas bubbles 
instead of propelling a fluid column. 

The frequent precipitous fall in blood pressure is abruptly checked by the 
reapplication of pressure (fig. 7) and a rise usually occurs, although seldom to 
the initial level (table 4). The incomplete recoveiy of blood pressure is not 
related to anoxemia or to the presence of bubbles since pressure combined with 
oxygen does not bring about an improvement. It is interesting to note that, 
after the period of recompression, blood pressure may be maintained at a fairly 
high level associated with a degree of anoxemia (oxygen saturation of the hemo- 



Fig. 7. Alterations in blood pressure, respiratory rate, and pulse rate of a dog decom- 
pressed in 10 seconds from a gauge pressure of 65 pounds after 1.6 hours exposure followed 
by recompression (interval of 10 minutes) to a pressure of 30 pounds (oxygen) for 25 min- 
utes. Pressure was then lowered to atmospheric in 12 minutes, and oxygen inhalation 
continued for 17 minutes. 

Preceded by a period of oxygen breathing (30 minutes) compression of the dog was again 
carried out at a pressure of 65 pounds for a period of 45 minutes followed by a 10 second 
decompression. After an interval of 12 minutes the dog was recompressed to a pressure of 
30 pounds for 20 minutes (oxygen inhalation). 

globin 26 per cent) which would appear to be incompatible with life (column 3, 
table 3). The subnonnal blood pressure of the recoveiy period is conceivably 
accounted for by previous injury to the right ventricle (dilation) as a result of 
excessive resistance in the pulmonaiy circuit and of impaired circulation through 
the coronary vessels during the asphyxial period. Another possible factor in 
preventing complete blood pressure recoveiy is a paralysis of splanchnic vascular 
tone from qiinal cord injury. In the experiments of Heller, Mager, and von 
Schrotter, spinal cord injuiy followdng a deprivation of blood supply ^ 
frequent consequence of multiple gas emboli. Under the pressure conditions 
existing in our experiments, paralysis usually of the hind legs occurred regu ar y 
in unanesthetized dogs. An example of a blood pressure fall, probably the 
result of spinal cord injuiy, is given by experiment 23, table 4. In this expen- 
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ment, a precipitous drop in blood pressure took place under 30 pounds pressure 
with the dog breathing oxygen. 

The maintenance of bte under the conditions of these experiments depends, 
essentially, upon the integrity of the right ventricle, and upon its ability to 
propel blood through an obstmcted pulmonary bed. The absorption of bubbles 
by compression and bj^ oxygen inhalation leaves the animal in good condition 
as observed in experiments on unanesthetized dogs, unless irreparable damage 
has been done to the heart by oxygen lack or increased pulmonary resistance, 
or to the spinal cord from ischemia. 

Oxygen and carbon dioxide content of the Mood . — Blood samples in these experi- 
ments were drawn from the femoral artery and from the right atrium or ventricle 
hy meansof aglass cannula inserted into the external jugular vein. Of particular 

TABLE 6 


Analysis of oxygen content of blood from anesthetized doge rapidly decompressed from 
high pressure atmospheres* 


EX- 

POSUtZ 

ITKtOD 

VOLtrUE PEE CENT I 

OXVCEM CONTEKT ' 

ASTEmL 
VENOES * 
DiyPEft* 
ENCX 

OXYGEN 

PER CENT Oj 
SATDRJkTtON 

PRESSURE 

COj 

ARTERIAL 

BLOOD 

Arterial 

Venous 




9t 

Control 

15.9 

10.1 

5.8 

17.7 

90 

H 

45 


Following decompression 

5.4 

0.6 

4.9 

22.4 

24 

IS 

69 


Kecompression 

17.9 

7.9 

10.0 

20.3 

88 

Bh 



Following recompreasion 

■il 

2.3 

3.6 

22.8 

26 

10 


lot 

Control 

20.6 

17.0 


22.8 

90 

75 



Following decompression 

14.6 



26.1 

56 

30 



RecompTession 

31.71 


11.7 

1 27.3 

1 100 

64 



Following recompression | 

26.9 

la 

19.6 

29.8 

90 

24 



• Data from Behnke ct al., Am. J. Phys., 114 : 526, 1936. 
t Air inhaled during two-hour recompresaion period. 

1 Oxygen inhaled during two-hour recompresaion period. 
S 4.4 volumes per cent oxygen in physical solution. 


interest was the occurrence of hemoconcenlration shown by increased oxygen 
capacity of blood (table 5). In some tests it amounted to as much as a 30 per 
cent increase in cell volume. The hemoconcentration was thought to be due 
to a loss of fluid through capillaries damaged by asphyxia and possibly an 
increased mobilization of red blood cells from the spleen. The blood, moreover, 
tvas difficult to withdraw because of the tendency to clot. Tn histologic sections 
of the lungs, cell^ packing in blood vessels was a consistent finding. 

The increased arterial-venous o.xygen difference (exposure 10) is an indication 
of the slow circulation rate. The low values for arterial oxyhemoglobin reflect 
the derangement of pulmonary ventilation and circulation by the gaseous 
emboli. The phenomenon of especial interest is the continuance of cardiac 
contractions despite the presence of the greatly reduced hemoglobin in the 
arterial blood. 
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Variables affecting bubble formation . — In man, the factors responsible for 
bubble formation fall into two groups. In the first are those conditions which 
increase gas content of tissues, namely, the amount of fat, the degree and duration 
of ejqDosure to pressure, and, in rapid ascent to high altitudes, exercise, which 
among other effects serves to introduce carbon dioxide into the circulation. In 
the second group are variables affecting the circulation of blood and the transport 
of gas from the tissues. Thus age, time of day, temperature, fright, injury of 
tissue, and the post alcoholic state all affect what may be termed “effective 
blood flow” through tissue. 

In the numerous exposures in the low pressure chamber to simulated altitudes 
above 30,000 feet, the circulatory factors have been carefully evaluated. That 
age is a factor in the sense that the individual of 18 years is less susceptible to 
bends than is an individual 25 years old emphasizes the importance of ade- 
quate circulation as measured by the metabolic rate. The findings that bends 
are more apt to occur in the morning than in the afternoon, that fright produces 
peripheral vasoconstriction to interfere with gas transport, and that bends 
frequently occur at the site of old injury, all tend to emphasize the importance 
of the factor of effective blood flow and serve to explain not only the variation 
between individuals but in the same individual when he is subjected to the 
stress of decompression. 

In effect, rapid decompression in the pressure chamber serves as a physiologic 
test for age. The more rapid the blood flow, the greater the capillary circulation, 
the less likely will bends occur. 

Some conception of the meaning of effective blood flow through tissues is 
derivedifrom comparing the tolerance of various animal species to rapid decom- 
pression foUomng saturation exposures in high atmospheric pressures. Ma^ 
tolerates a sudden drop in pressure of 2 atmospheres to 1 ,‘ for the dog and cat, 
the ratio is 4 to 1; for the guinea pig, 5 to 1; and for the mouse, about 6 to 1. 
The pattern of tolerance follows roughly the relationship of basal metabolism 
to unit of body weight. 
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There is, perhaps, no other condition of comparable severity in which the cir- 
culation of blood throughout the body can be brought nearly to cessation and 
from which recovery occurs -when the stress is removed. 

Compressed air illness may be looked upon simply as a Naval and industrial 
problem arising from the presence of gas bubbles in the blood stream. When 
the body is recompressed, the symptoms disappear as the bubbles are reabsorbed. 

On the other hand, if the bubbles are allowed to remain and accumulate, the 
injury becomes a disease and its protean manifestations of rash, pain asphyxia, 
and paralysis simulate those of an overwhelming infection. That this injury 
and disease can be studied by quantitative methods to reveal basic mechanisms 
of impaired and interrupted circulation makes possible additions to the science 
of medicine. 
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I. introduction 

•■The medical and lay writings of every era contain references to the changes 
in circulation and respiration occurring during fever. The importance with 
which physicians regard the study of the cardiovascular and pulmonary mani- 
festations of fever in the handling of patients with febrile diseases is exemplified 
by the modem hospital chart, but few^ clinicians are familiar with the physio- 
logical mechanisms which underlie these phenomena. The growing interest in 
infectious diseases and in fever therapy makes a discussion of these mechanisms 
valuable at the present time, especially since many pertinent data have accumu- 
lated since Bazett’s review (20) W’as wTitten tw^enty years ago.^ 

Fever may be classified under the following headings: 

A. Endogenous Fover 

1. Exercise 

2. Hypothalamic lesions 

3. Infection or tissue breakdown 

B. Fover Phj’sically Induced 

1. Externally applied heat 

2. Diathermy 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 
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th exercise md of hypothdamic lesioas >viJI not be considered here 

tbe former because it is not pathological aird in addition is ^00^21 S 
recent review by Du Bois (69), the latter because it is uncommrrnd sMe 
on Its mechanism are incomplete. 

Studies of the fever which follows injection intravenously of killed typhoid 
bacilli or live malarial parasites carried on in these laboratories (4) and elsewhere 
made it clear that an endogenous febrile reaction consists in phases which are 
fairly sharply de^ed and which follow in regular sequence. The appearance 
of the patient is distinctive and changes in cardiorespiratory function are differ- 
ent in each of these phases. For purposes of discussion the phases have been 
designated (1) prodrome, (2) chill, (3) flush and (4) defervescence. During 
the 'prodrome, w'hich lasts for 30 to 90 minutes after the injection intravenously 
of killed typhoid organisms, the patient experiences only such non-specific 
complaints as fleeting aches and pains, mild headache, nausea and malaise. In 
the chill phase the patient becomes increasingly pale and cyanotic, but the skin 
is dry except perhaps for a few beads of perspiration on the forehead or upper 
lip; the rectal temperature rises, while the skin feels relatively cool, and rigors 
may occur. This period is called the “chill phase” irrespective of whether or 
not shaking chills actually occur, for if rigors do not occur spontaneously, they 
can be produced regularly by exposing the patient to a blast of cold air or by 
placing an ice cube in his hand (4, 76). Rigors can be terminated by covering 
or otherudse warming the patient, thereby diminishing but not necessarily 
abolishing completely the physiological changes characteristic of this stage. 
The chill phase lasts approximately an hour and one-half and passes over rapidly 
into the flush phase, which is characterized by the development of a diffuse, 
intense, bright red erythema together with drenching sweats. During this 
phase, "which lasts about an hour, the rectal temperature maintains a high level, 
as does the skin temperature also. Gradually falling temperature and lessening 
flush and sweating initiate the phase of defervescence which continues for some 
hours. 

There is a large literature detailing the results of fever induced by such phys- 
ical means as the various forms of diathermy, infra-red radiation, hot air and 
hot baths. The fever produced bj”- these means is not ushered in by a chill 
phase (126), but the flush phase which occurs resembles in many ways that of 
endogenous fever (126). There are, howmver, a number of important differences 
between the flush phase of endogenous fever and that which occurs during the 
course of fever physically induced. In the case of fever induced by hot baths, 
respiratory and cardiovascular dynamics are modified by the changes caused 
- * • -j- water. During the induction of fever by other 


by immersion of the body in water. During the induction of fever by oyuer 
physical procedures, the patient usually is wrapped in blankets or placed m a 
cabinet of some sort uith his head protruding, so that he is surrounded by air 
which is hot and he therefore experiences not only the cardiorespirato^ changes 
of fever, but also those which occur in a waim environment; vasodilatation is 
accordingly extreme (126). These phenomena have been fully ^^usse^n ^ 
review articles by Bazett (20, 21, 22) and also annually in the Annual Review 


CIRCULATION AND RESPIRATION IN FEVER 


405 


of Physiology and ^viIl be commented on only where pertinent in the present 
work. Patients in such a hot environment or in a hot bath are no longer able 
to lose heat by convection and radiation from the skin. Accordingly fever in- 
duced by these means is usually characterized by inability of the body to use 
the skin for the dissipation of heat in a normal manner,' so that an additional 
burden is placed on two other mechanisms for heat loss, i.e., (1) the formation 
of sweat (100) and (2) respiratory activity. Dehydration therefore develops 
rapidly with a decrease in blood volume (v. infra, Sect. XVI), and there is also 
an accentuation of the effects of hyperventilation beyond those seen in endog- 
enous fever (a. infra, Sect. IV). When considerable dehydration develops, a 
decrease in perspiration finally occurs, placing an additional burden on the 
respiratory mechanism. In addition, the atmosphere surrounding the patient 
in whom fever is induced by physical means is often saturated rvith water vapor, 
so that the cooling effect of the evaporation of perspiration is lost as a mechanism 
for dispersing heat; this is also true of patients immersed in baths. In both cases 
therefore a still greater increase in hyperventilation occurs. 

There are available a large number of studies of heat exchange in fever; there is 
no need to consider them in any great detail in this work, and they will be touched 
on only briefly where pertinent. The reader is referred to the review by Du 
Bois (59) for a full consideration of that subject. 

II. CUTANEOUS CIRCULATION 

The changes in cutaneous circulation which occur in fever are striking and 
are so important in initiating or influencing the other cardiovascular and the 
respiratory phenomena as to require that they be discussed first. 

Although the circulation through the skin during the prodrome shows no 
detectable deviation from the normal, marked changes are present in all the other 
phases of the febrile reaction. Observ'ation of the capillaries of the finger nailfold 
has shown that the chill phase is ushered in by an intense vasoconstriction which 
manifests itself by the disappearance of many capillaries and the nanoiving of 
the rest, the blood flow through the remaining open capillaries being greatly 
slowed (4,76). These changes are similar to those reported to occur in cutaneous 
capillaries after exposure to externally applied cold; the latter causes narrowing of 
the capillaries (89) and slowing of flow in them (61, 73, 89). Plethysmographic 
studies by Maragliano (163) revealed decreases in limb volume in the chill phase of 
febrile illnesses. Fremont-Smith et al. (76) ascribed all of these changes to spasm 
of the small arterioles. The only available studies of capillary pressure in the diill 
phase are those of Meldolesi (176) who found no change in patients with malaria, 
but these observations must be discoimtcd because of inaccuracies in the method 
used. The observations of several authors who studied skin which was cooled 
directly or reflexly may, however, be considered analogous. Landis (147, 148) 
and Eichna and Bordley (61) used a direct method and Danzor and Hooker (52) 
employed a less accurate indirect method for measuring capillarj’ pressure; all 
noted that exposure to cold was associated with a 30 to 70 per cent fall in pressure 
m the capillary loops in the nailfold. The mechanism of the cutaneous vaso- 
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coMtnctipn of the chUl phase of an endogenous febrhe reaction was shown to be 
actmty of the sympathetic nervous system by Johnson, Osborne and Scupham 
n that spasm of the blood vessels of the skin during a 

chiU foUowmg the mjeetion of typhoid vaccine was absent in a sympathectomized 
lunb and occurred only in an extremity innervated normally. Studies of cu- 
taneous temperature by P erera (197) corroborate this observation. Sympathetic 
activity may at the same time give rise to the appearance of goose-flesh and a 
certain amount of sweating. The superficial veins appear narrowed, and blood 
is withdrawn from them with increasing difficulty (4). Blood from the ante- 
cubital or femoral veins contains very much less oxygen and more carbon dioxide 
than blood drawm before the onset of the chill phase (4) . It is of interest in these 
connections that cooling the skin externally has also been shown to cause con- 
striction of the cutaneous veins (56, 210, 213) and a decrease in oxygen content 
of venous blood (173, 175). In the chill phase of the febrile reaction the temper- 
ature of the blood from the superficial veins may fall, or at least fail to rise (248) 
parallel with the change in body temperature. Plethysmographic studies show 
a reduction in blood flow”^ in the extremities (111, 126) in this phase; this represents 
mainly the blood circulating through the skin, since the flow through resting 
muscle is small (92, 142). No observations on the arteriovenous anastomoses 
have been reported, but in view of the fact that these vessels usually act in a 
maimer similar to that of the arteries and veins (43, 44, 88), it is probable that 
they too are constricted. Cold external environmental temperatures have 
been showm to narrow the arteriovenous anastomoses (43, 44, 88), except when 
the temperature falls to extremely low' levels when the anastomoses reopen 
(88, 89, 90). 

The reduction in cutaneous blood flow may be sufficiently marked to result 
in a fall in skin temperature, according to Barr, Cecil and DuBois (16) ; Fried- 
lander, Bierman and Silbert (77); Petersen and Muller (183, 198) and Perera 
(197) ; Perera (197) found no decrease in skin temperature over a sympathectom- 
ized extremity during the chill phase of a febrile reaction. When the temperature 
reaches a sufficiently low level, a reflex is activated and shivering commences. 
It should be noted, how'ever, that experiments in animals have shown that 
perfusing the head with chilled blood also may cause generalized shivering. 
In the absence of actual shivering during the chill phase of a febrile reaction, 
there may be a variable amoimt of tensing of the muscles as the patient feels 
increasingly cold. If shivering does not occur, it can be brought on by cooling 
the skin locally by means of a blast of cold air or by the application of ice; these 
measures induce further vasoconstriction reflexly, thus lowering the skin temper- 
ature below the critical point at which shivering develops. The skin tmperatme 
at which the onset of shivering occurs during the chill phase of a febnie reaction 
has not been investigated, the reported studies having been made dmmg exposme 
to low environmental temperatures (101, 229). Mifller and Petersen (183) 
reported a faU in muscle temperature during the chill phase of fever, a todmg 
not corroborated by Nedzel (189). The obsenmtions of Fnedlander, Bierman 
and Silbert (77) on muscle temperatures are difficult to interpret. 
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A consequence of the marked change in cutaneous circulation is the diminution 
of heat loss through the skin noted during the chill phase of a febrile reaction 
(5, 16). Normally most of the heat formed in the body is dissipated via the 
skin, and the loss of this function accentuates the rise in temperature already 
initiated by the increased heat production (59) of the febrile reaction. It is 
of interest that the patient feels coldest while his body is storing the most heat. 

Data bearing on the effect of external environmental temperatures on blood 
flow in the skin have been presented by many authors (1, 12, 74, 76, 91, 92, 94, 
103, 111, 112, 142, 172, 210, 223, 226, 227, 231, 240, 241, 242, 246, 247), and a 
relation between the two has been established: flow varies roughly with temper- 
ature, when the temperature of the arterial blood remains essentially at normal 
levels. In the chill phase of a febrile reaction, however, the diminution in cu- 
taneous blood flow is endogenous and is maintained in spite of the rise in the 
temperature of the blood entering the skin and accordingly it appears that a 
very severe degree of vasoconstriction due to marked sympathetic hyperactivity 
must be present. 

At the onset of the jlush phase cutaneous vasodilatation rapidly develops. 
Under ordinary circumstances a steadily rising body temperature might be 
expected to be associated ndth corresponding gradual increases in cutaneous 
flow, but in the endogenous febrile reaction the increase in flow in the skin is 
delayed and when it finally occurs, is sudden. The reason for this peculiarity 
is not clear, but an interesting parallel may be drawn between this phenomenon 
and one observed by Hewlett (111). That author noted that if the body is 
chilled externally for a time, warming does not cause the usual gradual increase 
in the circulation of an extremity and the blood flow remains unchanged until 
the environmental temperature has shown a considerable elevation, at which 
time the flow rapidly increases; a similar observation was recorded by Wilkins 
and Eichna (241). It is not unlikely that the onset of the jlush phase of the 
febrile reaction involves a similar mechanism, the increasing warmth of the blood 
finally giving rise to a relaxation of the persistent vasoconstriction. The vaso- 
dilatation which occurs when the blood is warmed is neurogenic and is consequent 
not only to relaxation of vasoconstriction, but also to activity of sympathetic 
vasodilator fibres (67, 78, 91, 156, 157); a sympathectomized extremity wUl not 
show this reaction to warming (156). It is of interest that goose-flesh may 
again appear at this point, as in the case of the onset of sympathetic activity 
responsible for chilling. It is not clear whether the temperature of the arterial 
blood in the skin activates a reflex which causes vasodilatation or whether the 
temperature of the blood in the brain is the factor responsible for the generalized 
vasodilatation. The latter mechanism appears to have been established by 
Gibbon and Landis (78) in the case of the sWn -warmed externally. Moorhouse 
(182) noted an increase in the volume of the paw in animals in which the carotid 
blood was warmed. 

Obser\’ation of the capillaries of the nailfold during an episode of endogenous 
chill and fever shows a rapidly developing vasodilatation at the beginning of the 
Hush; the capillary dilatation persists throughout this phase (4, 76, 248). The 
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iijw appears more rapid than nonnal, and all the visible vessels, capillaries and 
others, show active pulsation (4, 76). The blood flow tlirough an extremity as 
measured by plethysmographic methods is increased in the flush phase of en- 
dogenous fever (ill, 126) ; as pointed out above, the greater part of flow measured 
in this iVay represents flow through the skin, as the circulation of resting muscle 
is small. The limb volume, as measured with the plethysmogi-aph, increases 
(163). The superficial veins become distended (4) and blood drawn from them 
is bright red. ^ The temperature of this blood, relatively low during the chill 
phase (248), rises to a level comparable with the body temperature during the 
flush phase (248). Measurements of its oxygen content reveal levels within 
or close to the arterial range (4). A similar prominence of superficiabveins (56, 
156, 210, 213, 238), increase in capillary flow (73) and arterialiaation of venous 
blood (15, 75, 87, 120, 173) occurs when the body, or only the extremity studied, 
is warmed externally. Holling (120) found that arterialization of blood from 
the antecubital vein did not occur when heat was applied, if the return of blood 
from the hand was excluded, not an unexpected finding in view of the very large 
number of arteriovenous anastomoses in the hand as compared to the forearm. 
The capillary pressure probably rises during the fltish phase of fever, for Landis 
(147), using direct, and other authors (52, 83, 155), using less acemate indirect 
methods of measurement, have demonstrated such a rise presumably consequent 
to arteriolar dilatation, when the skin flushes in response to direct heating or in 
response to heat applied over another part of the body. In the case of some 
patients who are experiencing a febrile reaction, however, the vasodilatation 
may be so marked as to result in a considerable fall in arteriolar pressure, so that 
capillary pressure may possibly show only slight increases. 

The findings reported in fever induced by physical means are qualitatively 


similar to those observed in the flush phase of endogenous fever. Thus prom- 
inence of superficial veins in man has been noted in a hot bath which raised the 
rectal temperature (23) . Fever induced by diathermy causes changes in capillary 
flow similar to those described in the fl?ish phase of an endogenous febrile reaction 
(233, 248). Arterialization of venous blood has been described in animals Mth 
fever consequent to hot water (234) or air (70) baths and in dogs subjected to 
diathermy (186). Similar findings have been reported in human subjects in 
whom fever developed in hot air (3, 37, 50A, 51, 116, 195, 196) or hot water (150, 
172) baths and after diathermy (28, 186). In addition, studies by fneans of 
plethysmographic or other methods have shown an increase in blood flow through 
the extremities in human subjects following the induction of fever by hot baths 
(91, 112, 126, 240, 241), by heated air (36, 112, 116, 126) and by diathermy 
(126). The increase in flow is detectable in the forearm and hand in^ patients 
with fever, according to Grant and Holling (91), 'svhereas in patients in whom 
heat is applied externally so as to produce reflex vasodilatation without fever the 

increase in flow is limited to the hand. 

Johnson, Osborne and Scupham (126) have showm that the flow though the 
skin is increased more by fever physically induced than by that which follows 
intravenous injection of t 3 q)hoid vaccine. The increased cutaneous ° 
fever is similar to that which occurs in a part locally heated, but is greater (24U) : 
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the increased cardiac output of fever (v. infra, Sect. XI) is probably the explana- 
tion for this observation. The cutaneous arteriovenous anastomoses open ividely 
with local heating of a part (43, 44, 88) or during warming of the entire body 
(88); this occurs at approximately 40°C., while the arterioles dilate at approx- 
imately 35°C. (88). A single study has been made recording the opening of 
arteriovenous anastomoses in the skin in the flush phase of fever follo^g the 
injection of typhoid vaccine (248). Shunting of the blood through these anas- 
tomoses causes the venous blood to become arterialized and is therefore respon- 
sible in part for the increased flow' observed. 

Vasodilatation and increased flow in the skin causes an increase in the rate 
of heat loss (16, 59), so that the body temperature tends to remain approximately 
at a level in spite of the continued abnormally great heat production. During 
the flush phase heat production and loss balance each other (16, 69). This is 
not entirely a direct consequence of increased flow and vasodilatation, how'ever, 
since drenching perspiration accompanies the flush phase and accounts for much 
of the increased loss of heat. Several authors (97, 115, 122, 170, 242) ha\'e shown 
that sweating occurs over the extremities when the skin temperature reaches 
approximately 34°C. It is possible therefore that the rapid flooding of the chilled 
skin with blood at 40°C. which occurs at the onset of the flush phase during an 
episode of chill and fever quickly raises the skin temperature to or above the 
critical point, and a reflex is initiated which results in a sudden drenching sweat. 
It is to be noted, in addition, that the circulation of warmed blood through the 
brain may also give rise to sweating (97, 156), but considerable increases in the 
temperature of the brain must occur before sweating develops under these cir- 
cumstances (200). In patients who have exhibited a severe chill reaction the 
sweating which develops with the flush phase may be delayed in its onset for 
10 or 15 minutes. This is of interest since Kuno (143) has shown that previous 
chilling of the skin retards the appearance of sweating in response to increases 
in environmental temperature. In the case of fever induced by physical means 
sweating is likely to be more gradual in onset and is usually more profuse, since 
convection and radiation from the skin are no longer effective in the dissipation 
of heat. It has been demonstrated that the loss of the latter processes results 
in increased perspiration (100, 229). The marked dehydration which often 
occurs in fever physically induced may result, after a time, in some decrease in 
perspiration. " 

During defervescence the cutaneous circulation is not at first strikingly changed 
from that of the flush phase. Heat production falls (16, 59), however, and 
smee heat loss is maintained at its pre^ouslj' high level, body temperature de- 
creases. After a variable period of time the cutaneous circulation begins to 
return to normal, but a complete restoration to normal does not occur for many 
hours. 


« in. OXYGEN CONSUMPTION. METABOLIC RATE 

hlany studies have demonstrated a parallelism between the degree of fever 
the oxygen consumption or metabolic rate in febrile diseases (17, 29, 48, 49, 
> 169, 164, 194A), as well as in man after typhoid vaccine (4, 16, 59, 138); 
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Grollman (95) noted an increase in oxygen consumption after the injection 
intravenously of typhoid vaccine even in the absence of fever. The parallelism 
between metabolism and body temperature is, however, imperfect when rigors 
occur; under these circumstances the muscular activity associated ivith a shaking 
chill causes a much greater increase in metabolism than even the most marked 
de^ee of fever (16, 17, 101, 229). In the absence of rigors the muscular tensing 
which some patients exhibit as a reaction to sensations of cold in the chill phase 
may also elevate the metabolic rate somewhat. 

Fever induced by hot air (109, 116, 138, 228) or water (24, 109) baths in man 
raises the metabolic rate to approximately the same degree as does endogenous 
fever; animals made febrile by hot baths (234) or diathermy (185, 187) also 
show an increased oxygen consumption. Diathermy was described by Kopp 
(138) as having a less marked effect than typhoid vaccine or a heating cabinet, 
a finding not confirmed by the data of Neymann and Osborne (191) or Simpson 
(219). 


IV. RESPIHATORY DYNAMICS. LUNG VOLUME AND ITS SUBDIVISIONS 


There are no constant changes in respiration during the 'prodromal phase of 
the endogenous febrile reaction. The chill phase, on the other hand, is character- 
ized by a considerable increase in respiratory rate and minute volume (4), the 
tidal air volume decreasing somewhat (4). The shallow breathing may be re- 
flected in a small decrease in arterial blood oxygen saturation (4), although 
the latter may be unchanged.^ The increase in respiratory minute volume is' 
appreciably greater than the rise in oxygen consumption. If rigors occur, a 
very large increase in respiratory rate and minute volume is observed. During 
the flush phase of an endogenous febrile reaction in man the respiratory rate 
usually falls and minute volume usually decreases somewhat relative to oxygen 
consumption, while the tidal air volume is restored approximately to the normal 
value (4), The respiratory minute volume, however, is often still somewhat 
increased out of proportion to the oxygen consumption (4). ICmpping, Lewis 
and Moncrieff (133) have also noted this phenomenon in patients with a variety 
of febrile diseases. 

A large number of reports containing data on respiratory dynamics in fever 
induced by physical means have been published. An increase in respiratory 
rate is usually described in human subjects in -whom fever is induced by heating 
cabinets (19, 235, 236), hot baths (19, 23, 91, 150) or diathermy (28, 69, 160, 
186). In man hot air (19, 219, 236) or water (19, 62, 98, 117, 150) baths and 
diathermy (28) which raise body temperature also increase respiratory mmute 
volume; hot water baths are reported to increase it more than hot air (19). 
Adolph (3) found no striking increase in respiration in man made febrile by ex- 
posure to hot air. Variable changes m tidal air volume occur in human subjects 


* The present discussion disregards the shift to the right in the oxygen 
curve observed by Hufner (123, 124, 125), Barcroft (13, 14) and Brown and Hdl {22) on 
heating blood in vitro, since the changes occurring in the range of temperature consi 
here are small. 
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who develop fever in hot air (19, 236) or hot water (19, 150) baths. The hyper- 
ventilation which occurs in fever physically induced may result in a lowering of 
arterial blood oxygen saturation (105, 160) . 

In animals, heating cabinets (41, 70, 234), hot baths (234) and diathermy 
(107, 185, 187, 239) cause fever and also give rise to hypenmntilation. The 
respiratory rate in animals made febrile by hot air or water baths (41, 234), 
or diathermy (107, 135, 185, 186, 187, 239) is greatly increased. Shallow respira- 
tion in animals made febrile by physical means is described by various authors 
(107, 185, 234). Uyeno (234) correlated this type of breathing with a decrease 
in arterial oxygen saturation. Several reports mentioning increased tidal volume, 
however, have also been published (41, 239). 

The hyperventilation of fever is associated with a fall in carbon dioxide con- 
centration of the expired air (4, 114, 185). 

The increased respiratory activity which occurs during fever is useful in that 
the elimination of heat via the lungs is increased. It is of interest that during 
the course of a bout of endogenous fever hyperventilation is usually most marked 
during the chill (4) phase, when elimination of heat through the skin falls to a 
marked degree. In fever caused b5' hot air and hot water baths the heat loss 
through the skin is also reduced and extreme degrees of hyperventilation conse- 
quently may occur. 

The mechanism which causes the increased respiratory activity of fever has 
been studied by a number of authors. Kahn (128) and Heymans (114) warmed 
the blood perfusing animals and observed a rise in rectal temperature and an 
increase in respiratory activity. In Kahn’s experiments (128) the warmed blood 
was infused into the carotid artery and a considerable increase in respiratory- 
rate occurred before a detectable rise in rectal temperature was noted. Moor- 
house (182) performed similar experiments and observed tachypnea and a de- 
crease in the volume of the tidal air. The concept that the increased respiratory 
activity seen in fever was partly a consequence of the flow of abnormally warm 
blood into the respiratory centers was established by Hejmans and Ladon (113) 
by means of cross-circulation experiments. These authors found that perfusion 
of the isolated head Avith heated blood caused an increase in respiratory rate until 
the temperature exceeded 45°C. It appears that the respiratory centers react 
to small changes in the temperature of the blood. An additional mechanism 
may, however, operate during the chill phase or at least part of it. Slowed blood 
flow through the brain (a. infra, Sect. XXI) results in a tendency toward the 
accumulation of carbon dioxide in the tissues which may be exaggerated by 
increases in metabolic rate. ' This accumulation of carbon dioxide in the re- 
spiratory center acts as a stimulant to respiration until the resultant hyper- 
ventilation gives rise to a suflicient degree of lowering of arterial blood carbon 
dioxide to compensate for the effects of stasis. It is to be noted, however, that 
the hyperventilation of fever persists in spite of marked lowering of blood carbon 
dioxide levels and similar though less marked changes in hydrogen ion con- 
centration. 

Data on changes in the lung volume or its subdivisions during fever are scanty. 
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ffick el al (115) found an increase in vital capacity in subjects who developed 
fever m a hot air chamber and concluded that blood was draira from the lungs 
mto the skin as a consequence of cutaneous vasodilatation. Hasselbalch (106) 
and Budelmann (35), on the other hand, described a decrease in vital capacity in 
subjects in a hot bath compared to the values found in cold or neutral baths, 
but even neutral baths lower it somewhat (99). Khipping, Lewis and Mon- 
crieff (133) found the vdtal capacity lowered in febrile diseases. In a study (4) 
of the lung volume and its subdivisions during an episode of chill and fever fol- 
lowing the intravenous injection of t3q)hoid vaccine, no changes were found 
during mild chill reactions, but in severe chill reactions a fall in reserve and 
complemental airs and vital capacity and a small rise in residual air were noted. 
There w'as an increase in the ratio residual air/total capacity, indicating the 
development of some degree of pulmonary congestion. The changes w^ere small, 
however, and intrapulmonary factors can largely be ruled out as the cause of the 
severe hyperventilation observed during this phase. During the flush phase 
the abnormal findings were largely or completely restored to normal, n 

V, RESPIRATORY QUOTIENT. ALVEOLAR AIR CARBON DIOXIDE. BLOOD BICARBONATE 

The above described increase in respiratory minute volume in excess of the 
simultaneous increases in metabolism during fever leads to a w'ashing out of 
carbon dioxide from the alveolar air and consequently from the blood also. 
This may be detected as a rise in respiratory quotient which has been noted in 
the absence of muscular activity in human subjects in the fever which follows 
the injection intravenously of typhoid vaccine (4) and 'that which occurs in 
hot baths (23, 62, 109) or during exposure to heated air (109, 228). It should be 
borne in mind, however, that the increased respiratory quotient of fever may be 
related in part to a disproportionate increase in carbohydrate utilization as the 
metabolic rate rises. The rise in respiratory quotient observed by earlier workers 
(16) dui'ing rigors consequent to the injection intravenously of typhoid vaccine 
is difficult to interpret because of the occurrence of marked and repeated muscular 
contractions. 

The alveolar air carbon dioxide concentration falls rapidly duriag the chill 
phase of an endogenous febrile reaction (4) and is maintained at a low' level 
thereafter. Low' alveolar air carbon dioxide concentrations have also been 
described in various febrile illnesses (71, 199). Fever which occurs in human 
subjects exposed to heated air (3, 19, 196) or in hot baths (19, 23, 98, 117, 150) 
also results in a decrease in the carbon dioxide concentration of alveolar air. 

A similar finding has been noted in animals exposed to heated air (41). 

Studies of the blood bicarbonate in man have demonstrated a decrease in blood 
level in malaria (34), influenza and other febrile illnesses (129, 137) and after the 
intravenous injection of typhoid vaccine (4). Similarly fever induced in himan 
subjects by heated air (3, 37, 50A, 51, 130, 196, 219, 235, 236), by hot baths (137, 
150) and by diathermy (27, 28, 160, 186) also is associated with a faU m tne 
level of the blood bicarbonate. 

Animals made febrile by the injection of Shiga toxin (169) or B. Coh vaccines 
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(10, 169), or by such physical means as heating cabinets (41, 70, 169), hot baths 
(7) or diathermy (108, 135, 186, 187) show similar changes in the blood. 

Increase in the tension of aqueous vapor at high temperatures (98) lowers 
the alveolar air carbon dioxide slightly, but this plays a veiy minor part in causing 
the changes observed. Adolph (3), who described only an inconstant occurrence 
of hyperventilation in fever caused by exposure to hot air, felt that loss of carbon 
dioxide through the skin was the important factor in causing the lowering of 
blood bicarbonate; as will be discussed below (Sect. VI), it is unlikely that his 
conclusion is valid. The available evidence strongly favors the view that hyper- 
ventilation is the sole important cause of the changes in alveolar air carbon di- 
oxide and the blood bicarbonate concentrations noted by all who have made the 
appropriate studies. 

VI. CUTANEOUS RESPIRATION. LOSS OF CARBON DIOXIDE THROUGH THE SKIN 

Studies of cutaneous respiration have not been made during fever, but per- 
tinent data based on observations on the effects of warm environmental temper- 
atures reported by several workers are available. Oxygen is absorbed and 
carbon dioxide is eliminated through the skin in amounts which vary with the 
temperature (18, 63, 170, 214, 216). This relationship may be a consequence 
of the accelerated cutaneous blood flow which accompanies rising temperatures 
rather than vasodilatation, for vasodilatation which follows the injection of 
pilocarpine does not increase cutaneous respiration (64). At ordinary environ- 
mental temperatures the cutaneous respiration amounts to 1 or 2 per 
cent of the total respiratory exchange of human subjects at rest (63, 216); 
it is agreed that the cutaneous respiratory quotient averages approximately 1.4 
(63, 216). The curve of increase of cutaneous respiration with rising skin 
temperature shows a sharp rise at approximately 34°C., the rate of increase 
in carbon dioxide excretion rising more rapidly than that of absorption of oxygen. 
This fact is of interest, since several authors (97, 115, 122, 170, 242) have shown 
that SI'C. is the temperature at which sweating begins over the extremities. 
At a skin temperature of 40°C. the excretion of carbon dioxide amounts to only 
approximately 5 cc. per minute for the entire body. The pH of sweat, normally 
acid, becomes alkaline in fever (v. infra, Sect. VIII), so that in addition to the 
increased amounts of free carbon dioxide lost through the skin at high temper- 
atures, bicarbonate must appear in the perspiration. On the other hand, the 
excretion of carbon dioxide through the akin has been shown to vary with the 
carbon dioxide content of the blood (215) which falls in fever (a. supra, Sect. V). 
Accordingly it is concluded that the loss of carbon dioxide through the st-in 
must play a very small part in the hypocarbin which is a constant finding in 
uncomplicated fever. 

vn. BLOOD CARBON DIOXIDE COMBINING POWER 

A fall in alkali reserve has been described in human subjects with malaria (34) 
and in dogs made febrile by the injection of B. Coli vaccines (10). On the other 
hand, fever caused by physical means pves rise to no change (98) or a minor 
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rise (27, 37) or fall (186, 237). In animals a fall in carbon dioxide combining 
power IS tbe rule (7, 8, 70, 186), Some decrease in blood carbon dioxide com- 
bmmg power is to be expected after continuous, prolonged blowing off of large 
amounts of carbon dioxide by hyperventUation. Lowering of the alkali reserve 
when it occurs during short bouts of fever is not an indication of acidosis, but 
IS largely a late consequence of hyperventilation. It is possible that the more 
marked increases in respiratory activity in animals with fever account for the 
above discrepancies. 

Acidosis manifested by a lowered allcali reserve is a common finding in in- 
fections which have persisted for some days (154, 174), but this phenomenon need 
not be discussed here, as it is probably conditioned by deficient food, salt and 
fluid intake, the continued loss of base by sweating and in some instances by 
vomiting or diarrhea. 

vni. pH OF THE BLOOD AND VARIOUS SECRETIONS 

The hyperventilation of fever and its resultant hypocarbia gives rise to an 
increase in the pH of the blood; this has been noted in man in malaria (34), in 
influenza and other febrile diseases (129, 137, 217) and after the intravenous 
injection of typhoid vaccine (4). Similar changes, usually greater in degree, 
have been described in human subjects made febrile by heating cabinets (2, 3, 37, 
50A, 51, 219), hot baths (98, 137, 150) and by diathermy (27, 28, 191A). The 
data of Fishberg and Bierman (69), which show a fall in blood pH in patients 
exposed to short radio waves, are discordant. 

Studies in animals also reveal considerable elevation in blood pH in fever 
caused by heating cabinets (41, 70) and diathermy (108, 135). 

Changes in urinary pH during the cMU phase of endogenous fever cannot be 
studied since little urine is formed (76). However, specimens of urine voided 
during the fever produced in man by hot air (3, 19, 37, 195), by hot baths (19, 
23, 160) and by diathermy (27, 28) are usually described as more alkaline than 
those obtained before induction of the fever. The change in the reaction of the 
urine during fever must be a consequence of the excretion of fixed base to com- 
pensate for respiratory alkalosis. In harmony mth this conclusion is the fact 
that all authors who have studied the urinar}'' excretion of ammonia have re- 
ported a fall (19, 37, 150). 

Studies of the pH of sweat have been made in fever in man caused by hot air 
(2, 3, 37, 167, 195) or hot baths (23) and here too an increase in alkalinity is a 
common finding; ammonia content is said to be increased (27). Fishberg and 
Bierman (69) reported a slight fall in pH of the sweat in fever induced by physical 
means, but since their control levels were incredibly low, i.e., about 4.1, it is 
concluded that there was some gross error in their technique. 

A single group of observations (195) records the fact that the saliva commonly 
becomes more alkaline in patients who develop fever in a heating cabinet. 

' IX. TISSUE GAS TENSIONS 

Bosenbaum (203) showed that hyperventilation causes the loss of large 
amounts of bicarbonate from the tissues. Studies of the tissue gas tensions have 
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been made on man or animals in hot baths by Sibree (218),, Campbell (38) and 
Schott (208). All report lowering of carbon dioxide tension, not an unexpected 
finding in the light of the above discussed changes in respiration and in the blood. 
Campbell (38) found that the oxygen tension rose in the skin but not the ab- 
dominal cavity, which is in hannony with the concept that arterialization of the 
venous blood occurs in the skin in the flush phase. Schott (208), however, noted 
no such change in cutaneous oxygen tension. Shifts in the blood hemoglobin 
dissociation curve due to alkalosis appear to be unimportant. 

t X. PULSE R.4TE 

The rapid pulse rate of fever has been the object of study by clinicians for 
centuries, and a relation between the degree of tachycardia and that of fever is 
accepted in almost all diseases. 

Following the injection of typhoid vaccine, the curs’e of pulse rate in man is 
roughly parallel with that of temperature (4, 95, 126, 211). Perera (197) found 
an initial fall in some cases. Similarly, the pulse also becomes rapid in man in 
fever mduced by hot air (3, 19, 50A, 57, 81, 126, 167, 206, 207, 219, 228, 235) 
or hot water (19, 23, 80, 91, 110, 117, 126) baths or by diathermy (69, 126, 160). 
Animals made febrile by hot air (41) or diathermy (239) exliibit the same phe- 
nomenon. In normal man Lyon (162) found that an average rise of 9.1 beats 
per minute in pulse rate occurs for each degree F. rise in rectal temperature; 
in patients with complete heart block the average rise is 3.8 beats per minute per 
degree F. according to Gilchrist (80). 

Heating the blood perfusing an animal increases the pulse rate (114, 128, 
131, 151, 171). In Kahn’s experiments (128) the infusion of warmed blood into 
a carotid artery accelerated the pulse before a detectable rise in body temperature 
occurred; this suggests that some cerebral center was being stimulated, thus 
givmg rise to tachycardia through a nervous mechanism. The similar ex- 
periments of Moorhouse (182) support this concept. Kisoh (131), however, 
showed that this acceleration consequent to warming of the blood occurred when 
the heart was denervated, and Knowlton and Starling (134) obsenmd it in the 
heart-lung preparation. It is therefore to be concluded that a rise in temperature 
in the sino-auricular node results in an increase in pulse rate; the possibility that 
Warming certain cardiomotor centers in the brain has a similar effect cannot, 
hmvever, be ruled out. 

^owlton and Starling (134) emphasized the fact that the rising pulse rate 
which follows warming of the infused blood in a heart-lung preparation is not 
nssociated with an increase in cardiac output. Clinical observation on patients 
with shook due to infection where extremely rapid pulse rates are the rule also 
the same lack of relation in fever. 

. ^ he relative slowing of the pulse in typhoid fever and its exaggerated increase 
^ grades of hjqjerpjTexia associated with some instances of rheumatic fever, 

,, ^fudlosis and other diseases have been utilized in diagnosis. Differences in 

e degree of increase in pulse rate with fever in different diseases have not been 

P ained; this problem is not related to the present discussion and will not bo 
wnsidered here. 
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XI. CARDIAC OUTPUT. STROKE VOLUME 

A few studies of the minute volume output of the heart in patients with fever 
have been made, mth mcreases described by Bjerlow and Liljestrand (29) in 
recurrent fever, by Dautrebande (53) in a fever of unknown etiology, by Mobitz 
(178, 179) in malaria, by Pellegrini in various diseases (194A) and by Grollman 
(95) during the reaction to typhoid vaccine. The last named reported that the 
increase in cardiac output was not in relation to the degree of fever, while the 
others found that such a relation existed. Starr and Jonas (224) surprisingly 
found no rise in cardiac output in patients with febrile diseases studied by means 
of the ballistocardiograph. In the studies of Bjerlow and Liljestrand (29) the 
cardiac output vailed with oxygen consumption so that the arteriovenous oxygen 
difference was unchanged. In Pellegrini’s studies (194A) the arteriovenous 
oxygen difference was variable. Dautrebande (53), however, found an increase 
in cardiac output in excess of the rise in metabolism, and the arteriovenous 
difference was lowered. In studies made here (4) the cardiac output was found 
to varj’’ in the different phases of the febrile reaction folloiving intravenous in- 
jection of typhoid vaccine. The prodrome caused no change in the output of the 
heart, but the chill phase was associated with a decrease in the minute volume 
flow, or in the patients with mild chill reactions a failure of the cardiac output 
to increase with the oxygen consumption; the arteriovenous oxygen difference 
increased in all cases. The rise in arteriovenous oxygen difference varied with 
the intensity of the chill. In severe chill reactions marked decreases in cardiac 
output and rises in arteriovenous oxygen difference were associated with the 
development of a shock-like syndrome and hypotension. During the jlush 
phase, on the other ^and, an increase in the output of the heart considerably in 
excess of the rise in oxygen consumption was found, with a consequent decrease 
in arteriovenous difference. Some restoration toward the normal relation 
between cardiac output and oxygen consumption occurred in defervescence, 
the absolute value for cardiac output still being increased. Although these 
changes were parallel to those which occurred in the skin, it is doubtful that the 
the latter caused the former. The flow through the skin in man at ordinary 
temperatures is probably not much more than 150 cc. per minute for the entire 
body, a very small part of the total left ventricular output of approximately 5 
liters, and the reduction of flow which occurs in the chill phase would not therefore 
make any noticeable difference in the venous return and thereby in the output 
of the heart. Similarly, the fact that in the flush phase the skin flow increases 
many times would also have little influence on the cardiac output. The flow 
through resting muscle is also small (92, 142) . Changes in visceral flow are much 
more important in relation to the cardiac output; the renal blood flow, which 
shows definite changes in the various phases of fever (v. infra, Sect. XVIII) 
amounts to a fifth or a quarter of the total left ventricular output and flow 
through other abdominal viscera and the brain must make up most of the rest. 

Studies in human subjects who develop fever in heated air must be interpreted 
with caution, since a warm environment, even in the absence of the development 
of fever, causes a small increase in cardiac output as indicated by a slight fall 
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in arteriovenous oxygen difference (96, 209, 210). Observations made in man 
during immersion in hot baths must be interpreted in the light of the fact that 
even neutral baths increase cardiac output (31, 24). Human subjects who de- 
velop fever in hot baths or on exposure to heated air show an increased cardiac 
output (24, 31, 35, 53, 62, 109, 110, 116, 153), the arteriovenous oxygen difference 
being described as decreased in heated air (109, 116), or increased (24) or de- 
creased (53, 62, 109) in hot baths. 

Studies of the cardiac output in animals with fev'er are few. Heymans (114) 
observed an increase in the volume of the blood flow when the blood perfusing 
an animal was heated. Uyeno (234), in a careful study by means of the direct 
Fick method, found an increase in cardiac output in animals made febrile by 
being heated by lamps or in hot baths; the data presented in his paper do not 
permit an evaluation of his conclusion that the arteriovenous oxygen difference 
is increased. 

It is clear that except in the chill phase of endogenous fever a considerable 
increase in cardiac output and consequently cardiac work occurs when the body 
temperature is elevated. This is a useful reaction, since it brings warmed blood 
to the skin and lungs for cooling and tends to prevent excessively great rises in 
body temperature. 

It was pointed out by Knowlton and Starling (134) that the acceleration of 
heart rate which occurs when the blood is heated does not necessarily signify 
an increase in cardiac output. Similarly it has been found in man (4, 29) that 
the pulse rate is a poor indicator of changes in cardiac output in fever, since it 
often increases more than the blood flow and may rise when the cardiac output 
falls. The stroke volume is accordingly , often decreased, an observation also 
recorded in animals made febrile in a heating cabinet (41). * 

XII. CIRCULATION TIME 

Acceleration of the circulation time has been noted in various febrile illnesses, 
including tuberculosis and pneumonia (55, 82, 136, 152, 158, 212, 230, 245); 
Hitzig’s finding (119) of normal ether and saccharine circulation times in pneu- 
■ monia cannot be explained. 

The circulation time in general is u^ally found to vary with the cardiac 
output. However, measurements of circulation time which utilize the in- 
jection of the test substance into an arm vein are influenced bj' an additional 
factor, namely, the temperature of the skin of the arm. Local cooling of an 
extremity slows the arm-to-carotid (cyanide) or arm-to-tongue (decholin or 
calcium) time, while local warming accelerates them (146, 221, 225). Accord- 
uiBly changes in circulation time cannot be 'utilized to estimate the degree or 
even the direction of variations in cardiac output during an episode of chill 
and fever. 

During the chill phase of the febrile reaction which follows the injection 
intravenously of typhoid vaccine in human subjects, the arm-to-tongue time 
■IS slowed (4). This may be related to a fall in cardiac output or may be the 
consequence of decreased temperature of the skin, or both. The flush phase of 
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the febrile reaction to typhoid vaccine is associated with acceleration of the 
circulation tune (4) This is probably the combined effect of increased cardiac 
output and elevated cutaneous temperature. Kopp (139), Kvale and Allen 
(145) and Himvich et al. (118) usually found the circulation time accelerated 
in fever after the injection of typhoid vaccine, but the changes were often un- 
expectedly ^all for the degree of fever, and in some instances were absent. 
This finding is to be explained on the basis of the fact that apparently no attempt 
was made by these authors to differentiate fever occurring during the chill phase 
from that occurring in the flush phase. Fever induced in animals by the in- 
jection of blood was shown many years ago to be associated with accelerated 
blood flow, as measured by means of a stromuhr (26). 

Fever physically induced in man by heating cabinets (57, 140; 235), electric 
blankets (139), and diathermy (132, 139) accelerates the circulation time greatly. 
Of particular interest in relation to the problem of shock in fever are the data of 
Kopp (139) "which show that when the arterial blood pressure falls to low levels 
during fever therapy the circulation time, previously accelerated, becomes slowed. 


xiir. electrocardiogram 

Although many studies of the electrocardiogram in various infectious diseases 
have been reported, only a few studies of the effects of artificially induced fever 
are available (41, 42, 72, 141, 219, 235). Aside from changes in rate, the most 
consistent alteration in the electrocardiogram is a decrease in amplitude or in- 
version of the T wave in one or more leads. 


$ XIV. ARTERIAL BLOOD PRESSURE, PERIPHERAL RESISTANCE 

A variety of changes in arterial blood pressure, usually minor in degree, have 
been reported to occur in man in endogenous fever and in fever physically in- 
duced (3, 19, 23, 24, 91, 110, 117, 140, 160, 167, 191A, 194A, 206, 207, 235). 
In many instances an increase in pulse pressure was noted (3, 126, 140, 167, 235). 
In studies made here (4) no change occurred in arterial blood pressure in the 
prodromal phase. Often no change likewise was noted in the chill phase, but 
many patients at times exhibited a slight degree of hypertension; Scully (211), 
Chasis et al. (40), Meldolesi (176) and Perera (197) also noted hypertension in 
the chill phase of the reaction to typhoid vaccine. On the other hand, a severe 
chill reaction has been found to be associated in many instances vnth profound 
hypotension. The onset of the flush phase is regularly associated with a slight 
or moderate fall in both systolic and diastolic levels (4, 176, 211). 

Experiments in animals with endogenous fever (26, 177) or fever physically 
induced (41, 190, 239) likewise yielded a variety of changes. Heymans (114) 
foimd that perfusion of the head with heated blood causes no change in systemic 
arterial pressure, "U'hile Kahn (128) observed a rise. 

Variations in the calibre of the blood vessels and in the volume of blood flow 
in the skin and viscera {v. Sect. II, XVIII, XIX, XX, XXI) must be associated 
■with marked changes in peripheral resistance. Measurements of local changes 
in peripheral resistance cannot be made, but the average peripheral resistance 
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may be estimated from the cardiac output and mean blood, pressure. No 
changes in average peripheral resistance occur in the prodromal phase. The 
chill phase may be characterized by only slight changes or by a considerable 
increase. Apparently the change in blood pressure in this phase is a reflection 
of vasoconstriction on the one hand and a variable decrease in cardiac output 
on the other. If the latter is great, hypotension develops in spite of marked 
vasoconstriction. During the flush phase, in spite of considerable increases in 
cardiac output, the widespread vasodilatation which occurs results in a fall in 
blood pressure levels. Fever physically induced also lowers peripheral resistance 
(41). . 


XV. VENOUS PRESSURE 

Although the calibre of the superficial veins is greatly diminished in the chill 
phase and increased in the fl^tsh phase, only slight changes in the venous pressure 
occur in fever (4, 176). Hooker (121) and others (56, 213) many years ago 
showed that variations in the calibre of veins need not be associated uith 
changes in pressure within them. Meldolesi (176) found venous pressure slightly 
elevated, but the present authors (4) found a small decrease in the chiU phase 
in the absence of rigors. It is interesting in this regard that the cutaneous 
vasoconstriction which results from the local application of cold may also result 
in a slight fall in venous pressure (56). The occurrence of rigors with a febrile 
episode results in a rise of several centimeters in venous pressure (4), depending 
on the vigor of the muscular contractions. A significant fall in venous pressure 
was noted in some patients who showed a considerable decrease in arterial pres- 
sure (4). In all cases the venous pressure returned to or toward normal during 
the flush phase of the reaction to typhoid vaccine (4). Hot baths are said to 
elevate the venous pressure ‘(35), more in cardiac patients than in normal sub- 
jects. 


XVI. BLOOD VOLUIIE 

ileports of studies in man of changes in blood concentration, based on measure- 
ment of hematocrit or plasma protein or both, usually are interpreted ns 
indicating hemodilution in various febrile diseases (6, 181, 205),wlule hemocon- 
centration has also been described in some instances (6). In addition an in- 
crease in plasma volume has been described (222) in febrile diseases in man. 
In animals (180) peritonitis has been reported to be associated with homocon- 
centration. 

Measurements of plasma volume and hematocrit in human subjects (4, 79) 
following the intravenous injection of typhoid vaccine have shown no change 
in the former throughout the entire episode of chill and fever; the hematocrit 
(4, 79) or erytlu-ocyte count (202) is also unchanged or may rise very slightly. 
Patients in the chill phase of malaria or sodoku, or the reaction to tyTihoid 
Vaccine, who are given fluids by mouth, show hemodilution as well as dilution 
of the cerebrospinal fluid (76); this occurs apparently as a consequence of the 
cessation of urine formation in this phase. The changes in density described by 
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the feb^e reaction to typhoid vaccine is associated with acceleration of the 
circulation time (4). This is probably the combined effect of increased cardiac 
output and elevated cutaneous temperature. Kopp (139), Kvale and Allen 
(145) and Himvdch et al. (118) usually found the circulation time accelerated 
m fever after the mjection of typhoid vaccine, but the changes were often-un- 
e^ectedly small for the degree of fever, and in some instances were absent. 
This finding is to be explained on the basis of the fact that apparently no attempt 
was made by these authors to differentiate fever occurring during the chill phase 
from that occurring in the flush phase. Fever induced in animals by the in- 
jection of blood was shown many years ago to be associated with accelerated 
blood flow, as measured by means of a stromuhr (26). 

Fever physically induced in man by heating cabinets (57, 140,- 235), electric 
blankets (139), and diathermy (132, 139) accelerates the circulation time greatly. 
Of particular interest in relation to the problem of shock in fever are the data of 
Kopp (139) which show that when the arterial blood pressure falls to low levels 
during fever therapy the circulation time, previously accelerated, becomes slowed. 

XIII. ELECTROCARDIOGRAM 

Although many studies of the electrocardiogram in various infectious diseases 
have been reported, only a few studies of the effects of artificially induced fever 
are available (41, 42, 72, 141, 219, 235). Aside from changes in rate, the most 
consistent alteration in the electrocardiogram is a decrease in amplitude or in- 
version of the T wave in one or more leads. 

XIV. ARTERIAL BLOOD PRESSURE. PERIPHERAL RESISTANCE 

A variety of changes in arterial blood pressure, usually minor in degree, have 
been reported to occur in man in endogenous fever and in fever physically in- 
duced (3, 19, 23, 24, 91, 110, 117, 140, 160, 167, 191A, 194A, 206, 207, 235). 
In many instances an increase in pulse pressure was noted (3, 126, 140, 167, 235). 
In studies made here (4) no change occurred in arterial blood pressure in the 
'prodromal phase. Often no change likeivise was noted in the chill phase, but 
many patients at times exhibited a slight degree of hypertension; Scully (211), 
Chasis et al. (40), Meldolesi (176) and Perera (197) also noted hypertension in 
the chill phase of the reaction to typhoid vaccine. On the other hand, a severe 
chill reaction has been found to be associated in many instances with profound 
hypotension. The onset of the flush phase is regularly associated with a slight 
or moderate fall in both systolic and diastolic levels (4, 176, 211). 

Experiments in animals with endogenous fever (26, 177) or fever physically 
induced (41, 190, 239) likewise yielded a variety of changes. Heymans (114) 
found that perfusion of the head with heated blood causes no change in systemic 
arterial pressure, while Kahn (128) observed a rise. • 

Variations in the calibre of the blood vessels and in the volume of blood flow 
in the skin and viscera {v. Sect. II, XVIII, XIX, XX, XXI) must be associate 
with marked changes in peripheral resistance. Measurements of local changes 
in peripheral resistance cannot be made, but the (werape peripheral resistance 
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may be estimated from the cardiac output and mean blood, pressure. No 
changes in average peripheral resistance occur in the prodromal phase. The 
chill phase may be characterized by only slight changes or by a considerable 
increase. Apparently the change in blood pressure in this phase is a reflection 
of vasoconstriction on the one hand and a variable decrease in cardiac output 
on the other. If the latter is great, hjisotension develops in spite of marked 
vasoconstriction. During the phase, in spite of considerable increases in 
cardiac output, the widespread vasodilatation which occurs results in a fall in 
blood pressure levels. Fever physically induced also lowers peripheral resistance 
(41). - 


XV. VENOUS PRESSURE 

Although the calibre of the superficial veins is greatly diminished in the chill 
phase and increased in the flush phase, only slight changes in the venous pressure 
occur in fever (4, 176). Hooker (121) and others (56, 213) many years ago 
showed that variations in the calibre of veins need not be associated with 
changesin pressure within them. Meldolesi (176) found venous pressure slightly 
elevated, but the present authors (4) found a small decrease in the chill phase 
in the absence of rigors. It is interesting in this regard that the cutaneous 
vasoconstriction which results from the local application of cold may also result 
in a slight fall in venous pressure (56). The occurrence of rigors with a febrile 
episode results in a rise of several centimeters in venous pressure (4), depending 
on the vigor of the muscular contractions. A significant fall in venous pressure 
was noted in some patients who showed a considerable decrease in arterial pres- 
sure (4). In all oases the venous pressure returned to or toward normal during 
the Jhish phase of the reaction to typhoid vaccine (4). Hot baths are said to 
elevate the venous pressure '(35), more in cardiac patients than in normal sub- 
jects. 


XVI. BLOOD VOLUME 


Reports of studies in man of changes in blood concentration, based on measure- 
ment of hematocrit or plasma protein or both, usually are interpreted as 
indicating hemodilution in various febrile diseases (6, 181, 205), while hemocon- 
centration has also been described in some instances (6). In addition an in- 
crease in plasma volume has been described (222) in febrile diseases in man. 
In animals (180) peritonitis has been reported to be associated with hemocon- 
centration. 


McMurements of plasma volume and hematocrit in human subjects (4, 79) 
following the intravenous injection of typhoid vaccine have shown no change 
S *7 throughout the entire episode of chill and fever; the hematocrit 

(4, 79) or erythrocyte count (202) is also unchanged or may rise very slightly 
atients m the chill phase of malaria or sodoku, or the reaction to typhoid 

hemodilution as well as dilution 

cesatiSr-^T' a consequence of the 

'^ssat.on of urme formation m this phase. The changes in density described by 
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Eogers (202) in the blood of patients with malaria or a typhoid reaction are diffi- 
cult to interpret. 

Hemoconcentration was noted in animals made febrile by B. CoU (10, 11) 
but, on the other hand, actual measurements of blood volume by the carbon 
monoxide method in such dogs or in dogs which developed fever after the injection 
of a Shiga toxin have demonstrated only a slight and probably insignificant in- 
crease (169). The plasma volume in these animals was calculated from the 
total red cell volume and the hematocrit and appeared to be elevated during the 
fever (169). 

The effects of fever physically induced on the blood volume in man have been 
investigated by a number of authors. Studies based on changes in plasma 
protein or hematocrit in human subjects exposed to air hot enough to elevate 
body temperature show the occurrence of hemodilution (19, 116, 235), no change 
(37) or hemoconcentration (51, 202, 236), wlule baths cause hemodilution (19) 
or concentration (23, 130). Diathermy fever causes no change (28) or hemocon- 
centration (27, 79, 160, 186). The discrepancies may be the consequence of 
varying degrees and durations of fever in the experiments cited. An important 
source of error in the studies based on hematocrit changes is the fact that venous 
blood is arterialized in fever (v. supra, Sect. II) which may result in a lowering 
of its hematocrit. 

Studies of plasma volume in man exposed to heated air show small increases 
(116), no change (204) or, after a time, a fall (81). Hot baths are reported to 
cause a rise in plasma volume (244) with no change in hematocrit. The careful 
studies of Gibson and Kopp (79) demonstrate a definite difference between the 
fever of the reaction to typhoid vaccine and that induced by such physical means 
as lamps, heating cabinets and diathermy in that the foimer gives rise to no 
change in plasma volume, while the latter causes marked decreases. These 
differences between the two types of fever are related to the more profuse sweat- 
ing which characterizes fever physically induced. The changes in plasma volume 
have been correlated with the occurrence of shock (79). 

Observations on animals have been reported to reveal hemoconcentration 
(7, 8) in baths and in a heating cabinet (70, 161). On the other hand, the 
plasma volume of dogs made febrile by exposure to radiant heat has been de- 
scribed as increased (169). Hemoconcentration has been recorded in animals 
with diathermy fever (180, 186) and measurements of blood volume by the 
carbon monoxide method show a decrease (135, 168). Conclusions based on 
measurements of hematocrit in dogs are likely to be erroneous, for Palitz (194) 
has shown that while fever physically induced in that species results in an 
elevated hematocrit, this effect is abolished by splenectomy. The spleen of the 
dogs has .been conclusively demonstrated to have contractile powers, but that 
of man has not, so that the application of Palitz’s conclusions (194) to man is 
not warranted at this time. 

The above-discussed observations appear at first to be completely divergen , 
making any valid general conclusion impossible, but actually this is not the 
case. One conclusion that may be dravm is that observations based solely on 
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studies of hematocrit in fever are likely to give rise to error because of the arterial- 
ization of venous blood in man and other species and because of the activity of 
the spleen in dogs. Calculations of plasma volume from the hematocrit and the 
total erythrocj'te volume as measured bj- the carbon monoxide method may also 
be somewhat misleading. Another valid conclusion is that the fever which fol- 
lows the injection of ti^phoid vaccine is not associated with changes in plasma or 
total blood volume unless fluids are given, in which case hemodilution may occur, 
at least during the chill phase. In the case of fever physically induced, the pro- 
fuse sweating may, if protracted, give rise to hemoconcentration and a decrease 
in plasma volume severe enough to cause collapse. The marked changes in 
cutaneous and renal blood content in endogenous and other fevers are apparently 
counterbalanced by simultaneous changes in the opposite direction in other 
parts of the body. 

NVn. CAPILIARY FILTRATION. LYMPHATIC FLOW 

The changes in capillary circulation which occur during a febrile episode might 
be expected to be accompanied by changes in the rate of filtration tlirough the 
capillarj' wall. Thus the marked vasodilatation and increase in capillary 
pressure which occur in the flush phase should exag^rate outflow. Measure- 
ments by Drury and Jones (58) and by Landis and Gibbon (149) show increased 
filtration ivith rising eniironmental temperatures, but only when the venous 
pressure is elevated above 20 cm. of water (149); it is possible that the method 
used does not detect increased filtration at lower filtering pressures. The effects 
of temperature on filtration are complex in that they include the consequences of 
vasodilatation, increased blood flow and possibly changes in capillarj' perme- 
ability. The rate of reabsorption of tissue fluid is not influenced by temperature 
(149) except when the latter is below IS^C.; this level is outside the range en- 
countered in the bodj' except for skin exposed to low emdronmental temperatures. 
Capillarj' permeabilitj' is apparentlj' not influenced bj' fever (225A), 

Onlj' a few data on lymphatic flow are available. McCarrell (IC5) studied 
the effects of the direct heating of the nasopharj-ngcal mucosa on lymphatic 
flow in dogs and found an increase at temperatures above 45°C. This can, how- 
ever, have little bearing on the problem of Ij-mphatic flow in fever. Otsuka 
(192) studied the effects of fever following the injection of B. Cali in dogs and 
found an initial rise followed by a fall, hIcCarrell (16G) measured the cervical 
and thoracic lymph flows in the dog exposed to hot air and reported a rise in the 
former and irregular changes in the latter. The absence of definite changes in 
flow from the thoracic duct are to be ascribed to teclmical difficulties involved 
in conducting awaj' at a steady' rate the lymph elaborated. This factor may 
also account for the failure of Bcazell cl al. (25) to find changes in lymph flow from 
the gastrointestinal tract at high temperatures. The present authors have made 
a study of lymphatic function in fever in man by means of an indirect method 
(4). A small amount of dye was injected intracutaneously on the forc.arm and 
the change in the surface of the stain noted after 20 minutes. The chill phase 
was associated with no change or possibly a small decrease in lymphatic function. 
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while in the Jlush phase a marked increase was apparent. The area stained 
by the dye increased in size rapidly and streamers radiated out from it. 

. Studies on the absorption of intradermal salme wheals have been made in 
patients vnth. fever, but are difficult to interpret. Accelerated absorption 
has been reported in patients Avith febrile diseases (60, 104) but not in subjects 
made febrile by hot baths (60). Furthermore the accelerated absorption per- 
sists for considerable periods after apparent recovery from a febrile hlness (104). 
It is probable therefore that the test measures some biochemical or hormonal 
function rather than that of the lymphatics. 

xvm. RENAL PUNCTION 

study of the volume of the circulation through the various internal organs 
is generally impossible in intact animals, the single exception to this rule bemg 
the kidney. Estimation of renal blood flow is possible by measurement of 
diodrast, inulin and other clearances, and indirect evidence of changes in blood 
flow through the kidneys is afforded by determination of urea clearance and 
more particularly the creatinine clearance. 

Many years ago hlendelsonn (177) used a plethysmograph to study the kidnej 
during fever in animals and observed a progressive shrinkage in the size of the 
kidney, apparently consequent to vasoconstriction. Fremont-Smith et al. (76) 
later demonstrated an antidiuretic effect, with cessation of urine formation, 
during the chill phase of malaria, sodoku and the reaction to intravenously 
injected typhoid vaccine. Clearance studies made by Smith and his coworkers 
(40) revealed a decrease of approximately a quarter in the volume of the renal 
blood flow in the chill phase of the febrile reaction to typhoid vaccine. All of 
these observations imply that the vasoconstriction observed in the skin during 
the chill phase is paralleled by a similar phenomenon in the kidneys. The fi'mh 
phase of the reaction to typhoid vaccine is often ushered in by a profuse diuresis; 
the renal blood flow rapidly increases to a leAml considerably above normal (40, 
86, 220). In addition the creatinine clearance has been found increased in dogs 
given typhoid vaccines (184 A) and is also increased in various febrUe diseases in 
mart (93). An increase in urea clearance above normal has also been found in 
rheumatic fever (84) and pneumonia (85), but Farr and Abernathy (65) found 
it only in their younger patients. It appears therefore that the circulatory changes 
which occur in the kidney during an endogenous febrile reaction are similar m 
nature to those of the skin. They are, however, much smaller in degree. 

Observations on renal blood flow in man made febrile by physical means have 
yielded divergent results. Byfield et al. (36) found no change in inulin or 
diodrast clearances in human subjects who developed fever in a hot atmosphere. 
Grant and Medes (93) reported an increased creatinine clearance in diathermy 
fever in dogs, Avhile Nicholes et al. (184A) found a decrease; Farr and Moen 
(66) obserAmd a decrease in urea clearance in human subjects in a heating cabinet. 
Page (193) gave diathermy over the kidneys of normal subjects and nephrittc 
patients and noted no change in urea clearance; changes in body temperature 
during the course of his study are not recorded. That author and his coworkers 
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also reported a slight fall in urea and creatinine clearance after treatment mth 
diathermy (30). 

The above described changes in acid-base balance (a. supra, Sect. VIII) 
which occur as a consequence of fever are associated ivith changes in the constitu- 
tion of the urine. The urine becomes more alkaline and the amount of ammonia 
in it decreases greatly. 

XIX. GASTROINTESTINAL FUNCTION 

Fever causes a lowering in volume and acidity of the gastric juice in man, 
according to Chang (39). Myer, Cohen and Carlson (184) induced fever in 
dogs by means of vaccines or ivith a heating cabinet and reported a marked 
decrease in the volume of gastric juice and in the amount of acid. This finding 
suggests vasoconstriction, judging by the work of Wolf and Wolff (243). On 
the other hand, Kuntz and Haselwood (144) showed that heating or cooling the 
sldn of cats reflexly gave rise respectively to vasodilatation and vasoconstriction 
in the gastric blood vessels, particularly the small ones. It is not unlikely there- 
fore that the circulatory changes in the stomach during a febrile episode parallel 
those of the skin. It should be noted, moreover, that hyperventilation severe 
enough to lower blood carbon dioxide concentration also reduces gastric acid 
secretion (33, 54), so that the above described changes may be respiratory and 
not vascular in origin. Petersen and Muller (198) observed that the stomach 
dilated during the chill phase of endogenous febrile reactions, a phenomenon 
cfifficult to explain except as a manifestation of activity of the sympathetic 
nervous system. 

The intestine, like the stomach, exhibits reflex vasodilatation and vasocon- 
striction when the skin is warmed or cooled (144). Heat applied locally 
within the lumen of the small and large intestines increases blood flow and 
leads to the secretion of a large amount of intestinal juice (25). Nasset and Parry 
(188) found that heating a segment of isolated gut decreased absorption from 
its lumen; this finding suggests that blood may have been shunted away from 
capillaries through arteriovenous communications. 

It is clear that available data on the effect of changes in temperature on gastro- 
intestinal function are too fragmentary to permit the formulation of generaliza- 
tions. 


XX. HEPATIC FUNCTION 

A recent attempt to study hepatic blood flow (C8) in endogenous fever yielded 
results which cannot be interpreted with certainty. Similarly the icterus 
which develops in some patients given artificial fever is of obscure origin, 

XXI. CEREBRAL FUNCTION 

Studies on cerebral blood flow in fever are also scanty. Himwich cl al. (118) 
studied arterial and jugular venous blood in a few patients given typhoid vaccine 
and reported a considerable increase in arteriovenous difference, a finding which 
suggests slowing of blood flow. These authors did not record the phase of the 
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febrile reaction ..during which their patients were . studied, but it is likely that the 
bloods were taken during the chill phase, since clinical findings suggestive of 
shock were noted. Looney and Borkovic (160) made similar studies inpatients 
treated \rith diathermy and found a decrease in arteriovenous oxygen difference. 
The pounding headache which often ushers in the flush phase suggests vasodila- 
tion in the brain also. It therefore appears reasonable to conclude that the 
changes in cerebral circulation are parallel with those which occur in the skin 
and kidneys. 

Hyperventilation lowers the cerebrospinal fluid pressure (47), and it is possible 
that this phenomenon may accelerate cerebral circulation somewhat, 

\ 

XXn. COMMENT 

Fever induced by physical means is a simpler phenomenon than the endogenous 
febrile reaction, so that the mechanisms which give rise to the physiological 
changes of the former are fairly well established, while those underlying the 
latter are only partly understood. The factors directly responsible for the 
marked increase in metabolic activity which results in augmented heat pro- 
duction in fever of endogenous origin are not kno^vn, nor is it clear why a latent 
period occurs between the time of entry of a pyrogenic substance into the blood 
stream and the onset of the rise in temperature. Indeed in fever due to transient 
bacteremia, it has been sho-wn that the blood is cleared of organisms by the time 
the chill phase begins (18A). The rOle of the hypothalamus must, however, 
be an important one in the febrile reaction, for section below it renders an 
animal poikilothermic and section above it causes no change in temperature 
regulation (20). Evidence of a more specific relation between hypothalamic 
function and the endogenous febrile reaction is afforded by the work of Jona 
(127) and of Hanson, Clark and Magoun (201). The former demonstrated 
that section below the hypothalamus in animals prevented the normal febrile 
response to the injection of pyrogenic substances, while the latter authors proved 
that selective destruction of portions of the hypothalamus had the same effect. 

Increased metabolism induced in some manner by activity of the hypothal- 
amus is not the only factor responsible for the rise in body temperature during 
the febrile reaction. The chill phenomenon plays an important part in this, 
regard in that it results in. a marked inhibition of heat dispersal through the. 
gVin and may, if associated with active shivering or wdth tensing of the muscles, 
give rise to a further increase in heat production. The mechanisms which 
initiate the chill reaction are not knowm. That the hypothalamic region contains 
two centers which regulate the responses to changes in body temperature has been 
shown by the work of Hanson and his coworkers (45, 46, 200). The more 
anteriorly situated center is concerned with dissipation of heat, while that 
which lies posteriorly controls the mechanism which effects heat conservation. 
It is to be presumed, therefore, that the changes in cardiorespiratory physiology 
which occur during the chill phase of the endogenous febrile reaction are con- 
sequent to a discharge of impulses from the posteriorly situated thermoregulatory: 
center. At the same time, however, there may occur an inhibition of the normal 
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response of the heat dissipating center to a rise in temperature of the blood, 
implying a resetting of the thermostatic controls in the body at a level above 
normal. The latter phenomenon may have a dual origin, i.e., (1) an actual 
change in the temperature level at •which heat disperal has its onset and (2) the 
loss of vasodilating reflexes from the skin, such as are actuated when the latter 
is warmed directly. Both mechanisms probably play a part, but the importance 
of the second is suggested by the fact that Hanson (200) found that an elevation 
of temperature of more than 3°C. ■within the temperature regulatory center was 
necessary to activate the heat dispersal mechanisms. 

Ih&jlvsh phase begins when the body temperature reaches a level which results 
in a discharge of sympathetic impulses from the heat dispersal center. A simul- 
taneous inhibition of the activity of the posteriori}’’ situated, or heat conserving 
center, presumably occurs. This change in hypothalamic function is apparently 
the consequence of elevated temperature -within its substance, although the role 
of reflexes from the skin which is recehnng arterial blood at high temperatures 
cannot be ruled out. Changes in blood volume and the redistribution of body 
water claimed by Barbour (9) to be important in temperature regulation do not 
appear to occur in the endogenous febrile reaction. 

Once the chill phase is initiated, the changes in cardiorespiratory function 
which follow appear to be qualitatively similar to those which occur -with varia- 
tions in environmental temperature. Accordingly, the flush phase of the endog- 
enous febrile reaction and the fever induced by physical means are much alike 
if certain allowances are made. In the case of patients made febrile by hot baths 
the cardiovascular and respiratory effects of immersion in water must be taken 
into account. If fever is induced by hot external temperatures, hyperventilation 
and perspiration are excessive, since convection, conduction and radiation are 
lost as mechanisms for heat dispersal. Moreover, as Kuno (143) showed, direct 
heating of the skin causes more perspiration than occurs when the skin temper- 
ature is raised by reflex vasodilatation. Evaporation of sweat may also be 
eliminated ns a cooling factor, if the atmosphere surrounding the patient is 
saturated with water vapor, so that an additional burden is placed on respiratory 
mechanisms. 

The changes which occur during the endogenous febrile reaction may be 
summarized as follows: During the ■prodromal phase no significant physiological 
or chemical changes can be detected. The chill phase is characterized by a 
sympathetic discharge giving rise to marked generalized vasoconsti-iction which 
causes a variable but often severe degree of circulatory stasis. Tlio venous 
blood becomes deoxygenated, and the cardiac output either falls or el.so fails to 
increase in proportion to the rising ox}’gcn consumption. Slowing of the circula- 
tion time occurs and is related to the fall in cardiac output. In some instances, 
however, the former may occur ivithout the latter and in such circumstances 
slowed circulation time is merely a reflection of cutaneous vasoconstriction. 
The vasoconstriction may initially cause mild hypertension, but impairment of 
Venous return and decreasing cardiac output result in a fall to and often well 
below the normal arterial blood pressure. Slowed flow and marked constriction 
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of the cutaneou^s vessels partly deprive the body of what is normaUy the most 
mportant mechanism for dissipating heat, so that the rise in temperature ini 
tiated by the febrile process is exaggerated. This phenomenon, Tnd possibly 
also the occurrence of stasis in the respiratory center, gives rise to the marked 

yperventilation of the chill phase of fever. Increases in respiratorj’- rate and 
nainute volume are largest in relation to oxygen consumption during this phase 
or the endogenous febrile reaction the; respirations are shallow. Some degree 
of pulmonary congestion probably develops during the chill phase also and may 
contribute to the hyperventilation. Changes in the blood characteristic of 
alkalosis consequent to excessive loss of carbon dioxide uniformly occur. During 
the flush phase of the endogenous febrile reaction and in fever physically induced 
marked widespread vasodilatation occurs with increases in cardiac output well 
above normal and out of proportion to the metabolic needs of the body. Cir- 
culation times become very rapid. That arteriovenous shunts open is evidenced 
by arterialization of the venous blood from the extremities. The sudden vaso- 
dilatation usually results in some fall in arterial blood pressure. Hyper^'^entila- 
tion usually diminishes in the case of the endogenous febrile reaction, but respir- 
atory activity may still be excessive compared to body metabolism. In patients 
made febrile bj'' physical means, hyperventilation, as explained above, is much 
greater than in individuals in the flush phase of endogenous fevers. Alkalosis 
occurs in both groups, however. In d-efervescence from all types of fevers all 
measurements of circulation and respiration return to normal over a period of 
some hours. 

The clinical connotations of the above changes are of interest. During the 
chill phase the low skin temperature makes the patient feel cold, although the 
rectal temperature is rising. In fact, since the most severe chills are associated 
with the most marked rises in rectal temperature, patients feel coldest when they 
are storing the most heat. Hardy and Oppel (102) showed that in the case of 
direct cooling of the skin the rate of fall of skin temperature was more closely 
related to the sensation of cold than the absolute level; they regarded a fall of 
0.004°C, per second as the threshold for perception of the sensation of cold. 
These considerations probably do not apply to the chill of endogenous fevers, 
for here the cutaneous temperature often rises after an initial fall and although 
it does not keep pace with the internal temperature, it may exceed the normal 
value. Nevertheless the patient continues to feel cold, so that a disproportion 
between internal and cutaneous temperatures may be responsible in part for the 
sensation of cold. The phenomenon of “catching a chill” and then developing 
a respiratory infection of some sort is a very real one to the layman. The tact 
that the clinical and physiological manifestations of chills may be precipiatate 
or aggravated by exposure to cold w^hen the subject is in the chill phase ot a 
febrile reaction has been pointed out above. What probably happens m some 
instances is that patients, already in the chM phase of an infectious 
as vet with the physiological pattern of chill present only m a latent degree 
develop enough additional vasoconatrietion upon exposure 
and accelerate the physiological changes sufficiently to precipitate the clmical 
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manifestations. In the flush phase the patient feels intensely hot even though 
no additional change in internal temperature is detectable. 

Sweating varies in the different stages of fever. In the chill phase a few small 
beads of perspiration, largely on the face, are to be seen, but in the flush phase of 
endogenous fever drenching sweats are characteristic. As pointed out above, 
the perspiration in fevers physically induced is usually even more marked. 
Sweating is the consequence of sympathetic stimulation of the sweat glands, the 
sympathetic impulses apparently arising in the hypothalamus. Although warm- 
ing of the blood flowing through the brain is an important factor in causing sweat- 
ing (78, 97), the role of impulses from the skin may predominate under some 
circumstances. Thus Kuno (143) has shown that sldn warmed directly perspires 
more profusely than skin warmed reflexly. Also in the endogenous fevers sweat- 
ing is slight during the chill phase in spite of very high internal temperatures; 
presumably the low, or at least less markedly elevated, cutaneous temperatures 
may account for this fact. On the other hand, in the flush phase when cutaneous 
temperatures are high, drenching sweats occur with no additional change in 
internal temperatures. The delayed onset of sweating seen in some patients at 
the beginning of the flush phase has its counterpart in the delayed onset of 
perspiration which occurs when the skin is heated externally after having been 
chilled by the external application of cold (143). 

The mechanisms underlying the shivering or muscle tensing which occurs in 
the clnll phase of fever have been studied by many authors; this material has 
been reviewed by Perera (197). When normal subjects are exposed to low en- 
vironmental temperatures, shivering is said by Hardy et al. (101) and Swift 
(229) to commence when cutaneous temperature falls to approximately 20“C. 
However, in patients with endogenous fevers rigors occur at much higher cuta- 
neous temperatures and here again disproportion between internal and cutaneous 
temperature must be considered as a possible causative factor. On the other 
hand, shivering at i datively high skin temperatures may bo another evidence 
of resetting of the hypothalamic thermostatic mechanisms at a higher level than 
normal. Shivering and muscle tensing cause great increases in oxygen con- 
sumption, the increases associated with shivering amounting to several hundred 
per cent. A rise in respirator^' quotient to approximately 1.0 also occurs as a 
consequence of increased combustion of carbohydrate and also excessive hyper- 
ventilation. 

The hypen'entilation of fever may possibly be a factor in the development of 
a variety of apparently unrelated sjunploms. Thus the dizziness and, partic- 
ularly in children, the convulsions which may occur at the onset of a febrile 
illness may be alkalotic in origin. The irritating character of the urine and 
perspiration sometimes noted by patients with fever may be related to the 
abnormal alkalinity of these secretions. Similarly the unpleasant brackisli 
taste in the mouth which often occurs in fever may in part bo a reflection of the 
demonstrated change in the pH of the saliva. Loss of large amounts of bi- 
carbonate from the blood consequent to hs’perventilation may reach a point at 
nhich secretion of hydrochloric acid in the stomach is greatly diminished. The 
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of the cutaneous vessels partly deprive the body of what is normally the most 
important mechanism for dissipating heat, so that the rise in temperature ini- 
tiated by the febrile process is exaggerated. This phenomenon, and possibly 
also the occurrence of stasis in the respiratory center, gives rise to the marked 
hyperventilation of the chill phase of fever. Increases in respiratory rate and 
minute volume are largest in relation to oxygen consumption during this phase 
of the endogenous febrile reaction the; respirations are shallow. Some degree 
of pulmonary congestion probably develops during the chill phase also and may 
contribute to the hyperventilation. Changes in the blood characteristic of 
alkalosis consequent to excessive loss of carbon dioxide uniformly occur. During 
the flush phase of the endogenous febrile reaction and in fever physically induced 
marked widespread vasodilatation occurs with increases in cardiac output well 
above normal and out of proportion to the metabolic needs of the body. Cir- 
culation times become very rapid. That arteriovenous shunts open is evidenced 
by arterialization of the venous blood from the extremities. The sudden vaso- 
dilatation usually results in some fall in arterial blood pressure. Hyperventila- 
tion usually diminishes in the case of the endogenous febrile reaction, but respir- 
atory activity may still be excessive compared to body metabolism. In patients 
made febrile by physical means, hyperventilation, as explained above, is much 
greater than in individuals in the flush phase of endogenous fevers. Alkalosis 
occurs in both groups, however. In defervescence from all types of fevers all 
measurements of circulation and respiration return to normal over a period of 
some hours. 

The clinical connotations of the above changes are of interest. During the 
chill phase the low skin temperature makes the patient feel cold, although the 
rectal temperature is rising. In fact, since the most severe chills are associated 
with the most marked rises in rectal temperature, patients feel coldest when they 
are storing the most heat. Hardy and Oppel (102) showed that in the case of 
direct cooling of the sldn the rate of fall of skin temperature was more closely 
related to the sensation of cold than the absolute level; they regarded a fall of 
0.004°C. per second as the threshold for perception of the sensation of cold. 
These considerations probably do not apply to the chill of endogenous fevers, 
for here the cutaneous temperature often rises after an initial fall and although 
it does not keep pace -vsith the internal temperature, it may exceed the normal 
value. Nevertheless the patient continues to feel cold, so that a disproportion 
between internal and cutaneous temperatures may be responsible in part for the 
sensation of cold. The phenomenon of “catching a chill” and then developing 
a respiratory infection of some sort is a very real one to the layman. The fact 
that the clinical and physiological manifestations of chills may be precipiatated 
or aggravated by exposure to cold when the subject is in the chill phase of a 
febrile reaction has been pointed out above. What probably happens in some 
instances is that patients, already in the chill phase of an infectious process but 
as yet with the physiological pattern of chill present only in a latent degree 
develop enough additional vasoconstriction upon exposure to cold to exaggerate 
and accelerate the physiological changes suflaciently to precipitate the clinica 
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manifestations. In the flush phase the patient feels intensely hot even tho 
no additional change in internal temperature is detectable. 

Sweating varies in the different stages of fever. In the chill phase a few sn 
beads of perspiration, largely on the face, are to be seen, but in the flush phas 
endogenous fever drenching sweats are characteristic. As pointed out abc 
the perspiration in fevers physically induced is usually even more marl 
Sweating is the consequence of sympathetic stimulation of the sweat glands, 
sympathetic impulses apparently arising in the hypothalamus. Although wa: 
ing of the blood flowing through the brain is an important factor in causing swi 
ing (78, 97), the role of impulses from the skin may predominate imder sc 
circumstances. Thus Kuno (143) has shown that skin wanned directly persp 
more profusely than skin warmed reflexly. Also in the endogenous fevers swt 
ing is slight during the chill phase in spite of very high internal temperatui 
presumably the low, or at least less markedly elevated, cutaneous tcmperatu 
may account for this fact. On the other hand, in the ^tisJi phase when cutane 
temperatures are high, drenching sweats occur ivith no additional change 
internal temperatures. The delayed onset of sweating seen in some patients 
the beginning of the flush phase has its counterpart in the delayed onset 
perspiration which occurs when the skin is heated externally after having be 
chilled by the external application of cold (143). 

The mechanisms underlying the shivering or muscle tensing which occurs 
the chill phase of fever have been studied by many authors; this material 1 
been reviewed by Perera (197). When normal subjects are exposed to low e 
vironmental temperatures, sliivering is said by Hardy el al. (101) and Sw 
(229) to commence when cutaneous temperature falls to approximately 20° 
However, in patients with endogenous fevers rigors occur at much liigher cut 
neous temperatures and here again disproportion between internal and cutaneoi 
temperature must be considered as a possible causative factor. On the othi 
hand, shivering at relatively high skin temperatures may be another eviden( 
of resetting of the hypothalamic thermostatic mechanisms at a higlicr level tha 
normal. Shivering and muscle tensing cause great increases in oxygen con 
sumption, the increases associated with shivering amounting to several hundrei 
per cent. A rise in respiratory quotient to approximately 1.0 also occure as i 
consequence of increased combustion of carbohydrate and also excessive hyner- 
ventilation. 


The hyperventilation of fever may possibly he a factor in tho development of 
a variety of apparently unrelated sjmptoms. Thus the dizsinessand, partic- 
u arly m children the convulsions whch may occur at the onset of a febrile 
dlness inay be alkalot.e m origin. The irritating character of the urine and 
perspiration sometimes noted by patients xriili „ v , , 

abnormal alkalinity of these aecryonf SilS ho T 
taste in the mouth which often occurs in fever mn / unpleasant^ brackish 
demonstrated change in the pH of the saliva t ° ® reflection of the 

carbonate from tho blood consequent to amounts of bi- 

whieh secretion of hydrochloric acid L Smao " T"' 

in tfie stomach is greatly diminished. The 
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effects of abnormal gastromtestinal motility and of decreased visceral blood flo^r 
should not be disregarded, but it is not unlikely that the anorexia and nausea 
of fevei may be related to the rapid development of hypochlorhydria secondary 
to hypei-ventilation. As fever persists, respiratory alkalosis may be counter- 
acted by a tendency toward acidosis secondary to starvation or electrolyte loss, 
the marked rise in blood lactate ivhich occurs in rigors would have the same 
effect. Hypen-entilation in fever is associated with increased loss of water 
through the lungs (5) so that any tendency toward dehydration is aggravated. 

A significant number of patients nuth febrile processes develop a shock syn- 
drome at some time. In some instances this occurs as a consequence of depletion 
of salt and water during a prolonged fever, or with diarrhea or vomiting. In 
others the loss of appreciable amounts of blood or plasma from the circulation 
as a consequence of the incarceration of both these substances in a pneumonic 
area, or of plasma in a large abscess or phlegmon may also favor the development 
of shock. In still others severe anoxia may precipitate shock. However, even 
in the absence of all of these factors, shock may be part of the picture of infection. 
Thus in a severe chill phase foIloiAung the administration of typhoid vaccine, the 
patient is pale, anxious, sw’e&ty, oliguric and dyspneic and shows tachycardia and 
a rapidly falling arterial blood pressure; studies made at this time show a fall 
in venous pressure, vasoconstriction, markedly decreased cardiac output and a 
striking decrease in venous blood oxygen content. This state differs from that 
seen in other types of shock in that blood volume, oxygen consumption and 
rectal temperature do not fall. This syndrome is, moreover, self-limited when 
it occurs during the course of a reaction to typhoid vaccine. In other instances, 
shock appears to develop or may be exaggerated at the onset of the flush phase 
when sudden vasodilatation occurs. 

The renal changes of fever are especially marked during the chill phase when 
^vasoconstriction and diminished blood flow in the kidneys give rise to oliguria 
r anuria. Taylor and Page (232) observed hematuria and subsequent impair- 
ment of renal function in patients with kidney disorders in whom fever had been 
induced by means of typhoid vaccine. Such urine as may be formed in the chill 
phase usually contains albumin, shows an alkaline reaction and contains little 
ammonia. The flush phase is not infrequently ushered in by a diuresis. In 
addition the effects of tome changes in the kidney and of dehydration m pro- 
longed fevers must be borne in mind as factors making for abnormal urinary 

findings. , , . 

The vasomotor manifestations of fever are of particular interest m 
to the appearance of erythematous rashes. The vasoconstriction 
chill phase may cause such rashes to disappear or to become ar^r m 
that at times a specific diagnostic aid may be temporarily lost. n 
hand, an extremely severe flush may also mask a macular cry cm 

^^ongestive failure may develop or be aggravated in elderly or 
during a febrile disease of some duration. The observed increase 
output in excess of the increased metabolic requirements of fever must 
portant in this respect. > 
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The dinical manifestations of febrile illnesses differ to some extent from 
those obsen'ed during an endogenous reaction to typhoid vaccine. In the latter 
all phases are short and the entire episode occupies considerably less than half 
a day. In diseases associated with fever the duration and severity of each phase 
vary greatly. Thus a patient with a septic process may experience dailj’' severe 
chill and flush phases, each of several hours’ duration, followed by 6 or 8 hours 
of defervescence; 2 or even 3 peaks may occur daily in rare instances. On the 
other hand, in a patient mth untreated pneumonococcic pneumonia, a moderately 
severe chill phase of several hours’ duration may bo followed by a severe flush 
phase lasting more than a week and then a period of defervescence lasting a few 
hours or, less commonly, several days. The patient with typhoid fever ap- 
parently has several daily mild or moderate chill and flush phases with partial 
defervescence and then a prolonged flush phase. In spite of variations in the 
duration and severity of each phase of the endogenous reaction to febrile illnesses, 
it appears that the essential physiological patterns of each phase are preserved 
unless modified by anoxia, deh 3 'dration, salt loss, anemia and -vitamin deficiency. 

The marked strain put upon the vasomotor, cardiomotor, respiratory and 
sweating centers and mechanisms, together with the shitting in levels of the 
thermostatic controls in the hypothalamus occurring in prolonged or repeated 
febrile cycles such as occur in disease may account in part for the symptoms of 
the post-infectious state. Although the importance of biochemical and hormonal 
factors in this regard should not be minimized, it is reasonable to believe that 
the evidences of vasomotor and cardiomotor instability and of impaired control 
of respiration and perspiration which occur in the convalescent period are related 
to the above described phenomena. 
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